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ABSTRACT 

Equipment,  procedures  and  analytlcr.  methods  for  determining 
the  nature  and  concentration  of  toxic  gaees  produced  when 
synthetic  materials  are  subjected  to  flairmablllty  tests  are 
described.  A  method  for  flash- Ignition  teijoev^ture  det-: 'mlna- 
tion  la  given.  The  necessary  equipment  and  a  p.’ocedure  for 
determining  the  self- ignition  temperature  of  heat  resistant 
material  la  described. 
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INTRODUCTION 


The  general  purpose  of  these  tests  is  to  determine  the 
nature  and  quantity  of  toxic  gases  produced  when  various 
types  of  synthetic  materials  are  subjected  to  flammability 
tests  under  prescribed  onditlons.  The  test  results  are 
used  to  evaluate  potential  hazard  from  toxic  gases  produced 
should  such  materials  be  burned  or  thermally  'decomposed  'n 
er^'icsed  spaces.  The  data  developed  Include  tot  determina¬ 
tion  of  (l)  Ignition  time,  (2)  burning  time,  (?)  weight 
lost  from  the  material  as  a  result  of  the  test,  compo¬ 
sition  of  the  atmosphere  produced,  (■:'  f lor-n-lgMltion 
temperature,  and  (6)  self-igrtitlon  temperature .  In  brief, 
the  testa  are  conduc  ted  tjr  placing  a  stick  of  th't'  material 
to  fce  tested  In  the  c-nter  of  a  heating  cell  wh.lch  is 
situated  in  an  airtight  chamber.  The  heating  coil  Is  acti¬ 
vated  and  the  number-  of  seconds  It  takes  from  the  time  the 
coil  is  aot.l/ated  -unt-ll  the  stick  begins  to  burn  is  record- 
fu  as  the  Ignltl'on  t.ime.  After  the  stick  has  burned  for  30 
seconds  the  heating  '’oil  Is  dea-ctiyated,  end  the  number  or 
seconds  it  takes  for  the  stick  to  stop  turning  (.’’’om  the 
time  of  deactivation)  i:  recorded  as  the  burning  tlme- 
When  the  stick  has  stopped  burning,  the  atmosphere  of  t-  e 
chamber  ,ls  mixed  ty  a  circulatlrg  far.  whiich  Is  located 
within  the  chamber.  After  a  specified  rime,  a  manifold 
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INTRODUCTION  (Cont'd) 

circulating  pump  is  turned  on.  The  gaa  within  -he  chamber 
is  flowed  through  a  manifold  where  samples  are  withdrawn 
into  gas  arialyzir_5  apparatus  so  that  the  composition  of 
the  atmosphere  produced  can  be  determined.  After  the  gas 
samples  are  arawn^  the  chamber  is  purged  by  flushing  com¬ 
pressed  atmospheric  air  through  It.  When  the  old  atmos¬ 
phere  of  the  chamber  has  been  replaced^  the  .cs'.  ’.latenai 
can  be  removed  to  determine  its  weight  loss. 
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SAMPI£S  TO  BE  SUBMITTED 
POR  TESTING _ 


Twelve  (12)  sample  sticks  5  x  1/2  x  1/2"  should  be  submitted 
for  testing.  If  such  samples  cannot  be  submitted,  and  odd 
size  samples  are  substituted,  this  fact  should  be  noted  In 
the  Test  Report,  .i.n  the  past  plastics  molded  on  metal  bars 
have  been  submlttea  for  test.  The  total  weight  of  the  plastic 
should  be  calculated  by  weighing  the  metal  bar  alone  after  all 
tests  are  completed  so  that  the  %  weight  loss  of  the  plastic 
may  be  determined.  The  sample  sticks  eu’e  sometluies  held  to¬ 
gether  with  adhesive  when  they  are  submitted.  All  the  ad¬ 
hesive  should  be  removed  from  the  sticks  before  proceeding 
with  the  tests. 


KIND  AND  NUMBER  OF  TESTS 
TO  BE  PERFORKSD 


PciiT  cf  tlie  sample  sticks  should  be  tested  according  to  the 
flammability  test  procedure  and  the  nature  and  quantity  of 
the  toxic  gases  evolved  .ehci^ld  be  determined. 

The  flash-lgr.itlor.  determinations  should  be  performed  In 
d’ ‘Pile  ate. 

One  self-ignlti.or;  temperature  determination  should  be  made. 


TEST  REPORT  FORM? 


Test  Reports  should  take  the  same  general  form  that  has  been 
used  In  the  past.  Old  Test  Report  forme  may  be  obtained  from 
the  Bureau  of  Ships. 
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TEST  BftUIFHgNT 


The  equipment  used  to  b'orn  nr  thermally  decompose  the  various 
materials  Is  similar  to  equipment  formerly  employed  at  the 
Materials  Laboratojry  of  the  Mew  Yoric  Naval  Shipyard,  1,'^i/ii/ 
and  by  the  bureau  of  Mines  Central  Experiment  Station  at 
Pittsburgtwfcr  determining  the  flame  resistance  of  thermo - 
settlr.g  plastics.  Netihods  for  determ.tnlrig  the  nat’ore  and 
quantity  of  gases  evolved  were  adapted  to  the  test  procedure 
by  the  author.'  • 

The  equipment  consists  of  a  specimen  support,  heating  coll, 
a-id  spark  generators  mounted  In  an  essentially  gas-tlgtit 
chamber  equipped  w.lth  facilities  for  sampllnr  the  te-st 
mosphej^s  produced.  Pictures  of  the  appara  jS  .‘-e  in  the 
aopendJx. 

The  specimen  support  Is  made  of  four  pieces  of  metal  set  at 
right  dr.gies  to  one  another.  {See  apx.  p.  5).  Three  of  the 
pieces  are  made  of  flexible  metal  while  the  foar*-h  piece  is 
rigid.  The  support  is  se.:ured  to  a  rais?  1  platform  which  Is 
anchored  tc  the  base  of  t.he  chemb-ir.  Thi'  s^ppo^t  I  .5  con¬ 
structed  so  that  pressure  will  be  applied  co  chs  spooimen 
when  It  is  Inserted  within  the  metal  clips,  and  vUi  hold 
specimen  upright.  In  tssts  of  thermosetting  ira*'?r.*.il8  this 
13  the  only  support  used,  in  tests  of  thermoplas’-ic  materials, 
the  teat  specimen  may  he  supported  additionally  at  the  top  by 
a  small  rod  to  pre  /enr  it;  frciin  .falling  against  the  heat.l.ng 
cell  if  the  porticr.  within  th?  coll  3ho,.ld  softer,  o.c  melt. 

The  heating  cell  {apx.  p.  5)  cons.ists  .--f  seven  tu’*n3  o.f  No. 

10  (0.102  ir.cf.  diameter,;  Nierrome  resistance  wire,  .•paoe 
wound  to  0.25  tnrh  per  turn  and  l-'.'‘'l6  inches  d.i»ne:er, 

(The  coll  s.^-culd  be  checked  ptiricd.lcallv  tc  ,'.r..®ure  it  has 
not  contracted  cr  changed  its  dlmensione.  The  heating  coil 
i:.  of  proper  ilmensloris  if  there  is  a  dieuance  of  i.^'V  t  f- 
tween  the  centers  cf  su-cessi.ve  turns  and  the  total  lengt-h 
of  the  coll  i®  1-1/'."  when  measured  from  the  middle  of  the 
first  C0.1:  to  the  middle  of  tK«  last.  The  coll  ends  s..'r 
clamped  Into  heavy  copper  lugs  with  the  axis  of  '.he  coll 
coincident  with  the  axis  through  the  opening  In  the  speci¬ 
men  support  and  with  the-  l,wcr  end  cf  the  coll  5/8  Ir^ch 
above  the  top  of  the  support  (i-5,'l6"  above  the  bcit:;..  " 
the  plastic).  The  test  specimen  should  extend  about  1-/2" 
above  the  top  cf  the  cell.  The  coil  should  be  Inspect,:: 
after  each  detennlnallor.,  and  If  it  has  contracted  It  ccould 
be  restored  tc  :.t3  prescribed  size.  If  the  col  ':  h?.s  te- ome 
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TEST  3QUIPMENT  (Cont'd) 


distorted  and  cannot  be  restored  to  its  original  size  and 
shape  it  must  be  replaced. 

I 

Two  spark  generators  with  extended  electrodes  diametrical¬ 
ly  opposite  are  placed  with  their  longitudinal  center  lines 
In  a  horizontal  plane  about  1/2  of  an  Inch  above  the  top  of 
the  heater  coil>  to  ignite  gases  emitted  from  the  he.ated 
specimen.  The  spark  generators  are  mounted  in  such  a  manner 
that  they  may  be  moved  to  within  1/^  inch  o.f  the  surface  of 
the  specimen  when  in  operation  or  away  from  the  specimen 
after  ignition  occurs,  to  prevent  their  electrodes  from  be¬ 
coming  fouled  by  soot.  The  spark  igniters  are  set  1/3  inch 
away  from  the  specimen  stick  by  uPlng  a  plncer-ltke  arr'^  'ge- 
ment  which  has  two  strip"  of  material  l/o  c  aii  Inch  thick 
set  1/2  Inch  apart  from  each  other.  This  devic-;  Is  placed 
so  that  the  two  1/8  Inch  strips  are  set  outside  the  sides  of 
the  test  stick  which  face  the  spark  generators.  The  spark 
generators  are  moved  up  until  they  touch  the  ad^lustlng  pincers, 
and  then  the  pincers  are  removed.  A  suitable  electric  cir¬ 
cuit  is  provided  to  maintain  continuous  sparking  at  the  elec¬ 
trodes.  The  figure  on  p.  3  of  the  appendix  la  a  dlagramatlc 
representation  of  the  electrical  syetam  of  ipparatus . 

The  spark  gap  between  the  electrodes  Is  periodically  inspect¬ 
ed  and  maintained  by  using  a  spark  gap  adjust  wire  at  about 
0.02  inch. 

A  Ej5-s.mpere  current  is  applied  to  the  heater  ceil,  through  the 
heavy  copper  lugs  which  are,  .in  turn  connected  to  the  second¬ 
ary  of  a  transformer.  Current  is  controlled  by  means  of  a 
variable  auto-transformer  In  the  primary.  The  equilibrium 
temperature  of  the  coll  Is  measured  when  the  coJ.l  Is  installed 
and  periodically  checked  to  determine  its  temperature  at 
equilibrium.  The  equilibrium  temperature  of  the  coil  Is 
reached  after  about  50  seconds  of  heating.  The _ tempe car ure 
of  the  cioll  is  determined  by  af.f.lxlj-ig  the  bead  {thermo couple 
Junction)  of  a  28  gauge  chrcmel-alumel  thermocouple  to  the 
inner  face  of  the  middle  (fourth)  turn  cf  ^he  heat.lng  ooix 
and  applying  sllgb.t  tut  definite  pres  cure  to  the  thermo¬ 
couple  to  insure  intimate  contact  of  the  Junctl;:  with  the 
coll.  The  thermocouple  for  this  purpose  is  constructed  by 
making  a  junction  having  potentiometer  leads  and  leads  to  be 
held  by  hand  on  either  side  of  the  Junction.  The  pot-.r-*  Ir - 
meter  reading  will  fluctuate  slightly  while  a  reading  be.lng 
taken  (heat  loss  to  air  currents,  power  supply  fluctuRt  on)  as 
the  temperature . of  the  coll  is  subject  to  fluctuation.  The 
average  of  the  readings  obtained  will  be  racordt;!  as  th- 
equlllbrlum  temperatui-e  of  the  coll,  uxloatlon  of  the  heating 
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TEST  BftUIPMENT  (Cont'd) 


coll  with  age  will  cause  the  equlllb.T*lum  temperature  of  the 
coll  to  Increase  at .a  fixed  amperage;  W-l^R. 

The  test  chamber  is  of  wood  construction,  with  glass  sides 
and  with  a  small  window  set  Into  the  doer  at  the  front  of  the 
chamber  to  permit  observation  of  the  specimen  during  test. 
Inside  dimensions  of  the  chamber  are  24-3/4  inches  by  21 
Inches  by  32-3/4  l,nche8,  and  its  volume  Is  270  liters.  The 
door  of  the  chamber  closes  on  a  soft  rubber  gasket  and  Is 
secured  when  closed  by  four  refrigerator-door- type  clamps. 

A  baffle  plate,  to  facilitate  mix.lng  of  the  chamber  atmos¬ 
phere,  Is  situated  6  Inches  from  the  rear  wall  and  extends 
downward  from  the-  top  of  the  chamber  to  within  5  Inches  'f 
the  base  supporting  the  ^lammablllty-tesa  e  .ipirent.  A  4 
•inch  fan  is  mounted  In  a  circular  opening  near  nhe  top  of 
the  baffle.  This  fan  Is  operated  only  after  burning  of  the 
test  specimen  has  ceased,  circulation  of  the  atmosphere  of 
the  chamber  being  obtained  during  the  test  by  cnn/ection  set 
up  by  the  heating  coll  and  by  combustion  of  the  specimen. 

Thef  chamber  is  ventilated  at  the  conclusion  of  a  test  by 
opening  the  exhaust  duct  and  blowing  pressurized  air  through 
the  chamber  (40  p.e.l.  gauge).  This  duct  la  closed  off  from 
the  chamber  by  a  water  seal  during  the  test.  The  seal  Is 
made  .or  broken  by  raising  or  lowering  a  water  bottle  and 
consequently  adjusting  the  water  level  within  the  water  seal, 
(apx.  pp.  1  and  2).  To  prevent  undue  pressure  changes  in 
the  chamber  during  the  test,  as  a  result  of  heating  and  cool¬ 
ing,  the  chamber  atmosphere  is  permitted  to  expand  through  a 
suitable  connection  Into  a  S'lnch  diameter  metal  tube,  open 
at  Its  end  to  the  atmosphere  during  operations  that  evolve 
hast.  When  burning  of  the  test  specimen  has  ceased  and  cool¬ 
ing  of  the  chamber  atmosphere  ensues,  the  gases  discharged 
by  thermal  expansion  from  the  chamber  into  the  tube  are  again 
drawn  Into  the  chamber  from  the  tube  by  contraction  due  to 
cooling.  Error  from  loss  due  to  expansion  on  heating  and 
dilution  of  the  test  chamber  atmosphere  due  to  contraction 
on  cooling,  is  negllg.lble  with  this  arrangement.  A  centi¬ 
grade  dial  thermometer  Is  supported  by  a  bracket  inside  the 
test  chamber,  and  faces  the  window  so  th.tt  the  '.-'mperature 
of  the  gases  being  analyzed  are  known. 

The  toxicity  test  apparatus  should  be  situated  In  a  • 
free  of  reagent  bottles  or  other  possible  source  of  con 
tamlnation. 
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TEST  PROCEDURE 


The  following  procedure  should  be  employed; 


1.  Evacuate,  the  test  chamber  end  replace  the  air  within 
with  uncontaminated  air  by  blowing  the  chamber  out 
with  pressurized  air  (4o  p.o.l.)  for  thirty  minutes. 

(if  a  shorter  evacuation  time  is  to  be  employed, 
blank  determinations  must  be  nan  to  assure  that  no 
toxic  gases  from  the  previous  determina!  jn  have  re¬ 
mained  behind) . 

2.  Oil  all  movable  parts  including  the  retractable  spark¬ 
ing  gear,  the  fan  shaft  and  fan  shaft  support  junction, 
the  chamber  circulating  fan  motor  and  the  manifold  pump 

■  motor.  Wipe  up  all  excess  oil  to  prevent  pre-lgnltlon 
because  of  the  presence  of  oil  and  to  prevent  erroneous 
combustibles  readings. 

3.  Make  the  water  seal  by  adjusting  the  level  of  the  water 
bottle  so  that  It  is  high  enough  to  prevent  gas  from  es¬ 
caping  through  the  evacuation  duct,  yet  not  high  enough 
to  cause  water  to  overflow  from  the  trap  Into  the  test 
chamber, 

4.  Vacuxom  clean  the  chamber  to  remove  carbon  particles  from 
the  previous  burning  and  wash  and  dry  the  glass  windows 
DO  that  the  specimen  may  be  clearly  viewed  during  the 
test.  The  presence  of  carbon  particles  in  the  chamber 
will  result  In  the  adsorption  of  gas  molecules  and  pre¬ 
vent  accurate  gas  analysis. 

5.  Replace  the  filter  on  the  outlet  manifold  with  clean 
glass  wool  to  remove  carbon  and  other  decornposltlon 
products  from  the  previous  test. 

6.  Measure  the  heating  coil  to  insure  that  it  is  1-1/2 
Inches  long.  Make  sure  that  its  colls  are  unlforr. 

Place  the  test  strip  in  the  specimen  support  and  ser 
that  it  sits  squarely  in  the  middle  of  the  heating 
coll,  (If  the  specimen  is  not  exactly  in  the  cento*- 
of  the  coll,  realign  the  coll  so  that  it  la! , 
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7.  Check  the  spark  gaps  on  both  the  spark  ignitors  to  in¬ 
sure  that  the  gaps  are  equal  or  slightly  lees  than 
0.02  inch. 

8.  Move  the  sparking  apparatus  to  within  l/B  inch  of  the 
plastic  and  see  that  the  spark  gaps  are  at  about  tne 
middle  of  the  side  of  the  plastic  they  face  and  about 
7/8  inch  from  the  top  of  the  plastic.  Remove  the 
plastic  stick  from  the  chamber. 

9.  Place  a  piece  of  Fluorescein  -KBr  paper  on  the  end  of 
the  thermometer  to  qualltat.lvely  pick  up  any  chlori-c 
for  fluorine)  that  my  be  omitted  by  a  ^rning  plastic, 
(one  fluoresceln-KBr  paper  will  serve  until  it  has  to 
be  replaced  because  of  a  positive  reactiorj,  or  until 

it  appears  to  be  deteriorated) . 

10.  A  bellsteln  Test  on  some  drillings  of  an  unv'el.ghed  test 
strip  may  be  performed  to  determine  if  the  plastic  was 
formulated  wltl!>  chlorine.  If  the  test  proves  negative 
HCl,  chlorine  and  phosgene  need  nut  be  t/..Bt.«:,d  I'or. 

12.  Measure  and  record  the  equll.lt  rtum  temperature  of  the 
coll  by  the  method  described  previously,  when  it  is 
heated  by  55  amperes  of  current  (s applied  by  throwing 
the  manual  heater  switch  and  adjusting  the  variable 
resistor  until  the  ammeter  reads  55  amps). 

13.  Check  the  pump  fill  time  of  the  Draeger  pump  and  the 
MSA  CI2,  HCN  and  NOg  pumps  and  adjust  them  to  fill  in 
the  time  prescribed.  Any  determination  performed  with 
a  pump  that  falls  to  fill  wlthlr.  the  prescribed  time 
limits  is  invalid. 

14.  Check  the  shelf -life  expiration  dates  of  all  tubes  to 
be  used.  Check  the  tube?  for  discoloration.  Any  dis¬ 
colored  tubes,  or  tubes  whose  Bhel.t‘  lives  have  expired 
should  not  be  used. 

15.  Record  the  atmospheric  pressure  of  the  room  from  a 
barometer  which  reads  in  inches  of  mercury.  Reco-  -l 
the  amount  of  water  vapor  in  the  chamber  by  u.s.lng 
The  Draeger  0,1  (Ch  234)  Water  Vapor  Tube. 


A  r.> 
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TEST  PROCEDURE  ( Cont ' d) 


16.  Adjust  ail  switches  on  the  top  section  of  the  electric 
console  to  the  left;  throw  to  the  "on"  position  the 
"main  switch"  and  the  "heater  transformer"  switch.  Turn 
both  timers  back  to  zero  by  pushing  dovm  on  the  dials 
to  the  left  of  the  t.imlrg  indicator s.  Hake  suw  the 
specimen  stick  has  been,  removed  from  the  chamber  and 
then  close  the  doors  of  the  chamber  and  push  the  red 
button  to  commence  the  test.  About  15  secondr  after 
the  red  button  has  been  pressed,  the  heating  coil  will 
begin  to  draw  current.  Adjust  the  amperage  flowing 
through  the  coll  to  .55  amps,  by  manipulating  the  heat¬ 
er  current  adjust  knob.  After  approximately  50  8e-''nds 
of  hsatlng,  current  will  automa’‘icaliy  ,.e£.'o  to  flow 
through  the  heater.  The  igriit.lon  timer  will  read 
50-55  seconds.  A  100  second  watlng  period  will  follow. 
During  this  time,  the  following  must  be  done: 

17-  The  door  to  the  test  chamber  must  be  opened  and  the 

plastic  test  strip  inserted  within  the  coil.  Push  the 
atrip  down  as  far  as  it  w.!.ll  gc  to  aesr/re  a  secure  fit. 
Take  the  plastic  measurlrg  dev.Lre  that  is  attached  to 
the  bottom  handle  of  the  chamber  and  place  it  so  that 
Its  inner  ends  Just  touch  the  outer  ends  of  the  sides 
of  the  plastic  test  str.lp.  Move  both  handles  which 
control  the  positioning  of  the  sparking  mechanism  as 
far  as  they  will  go  so  that  the  sparking  wires  Just 
touch  the  outer  ends  of  the  plastic  measuring  device. 

In  this  manner  the  spark  igniters  will  have  bean  placed 
exactly  1.^  of  an  inch  away  .from  the  test  speo.imen. 
Those  plastics  which  bear  molding  Impressions  should 
be  set  so  that  the  unmolded  .s-ldes  face  the  spark  ig¬ 
niters.  Those  pla-stlcs  which  have  laminated  sides 
should  be  set  so  that  the  laminated  sides  face  the 
spark  igniters.  Close  th?  ohember  door  and  pull  down 
the  four  iockirg  handles.  About.  15  seconds  before 
the  heater  and  spark  igniters  will  go  on,  a  red  safety 
signal  will  go  on.  (If  for  any  x-eason  It  is  inadvls-, 
able  to  proceed  with  the  test,  the  test  maj  be  dis¬ 
continued  by  throwing  the  switch  marked  "Switch 
Position  30  seconds  afte.*'  Ignition  Starts"  to  the 
right  and  the  "Spark  Interruption  S  itch"  to  it^,  "  .r.r" 
position.  The  red  light  must  go  off  before  it  Is  ..-os- 
slble  to  proceed  with  the  test  once  the  two  afoi'e;:;  n- 
tloried  switches  have  teen  thrown.  This  will  take 
about  420  seconds} . 
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TEST  PROCEDURE  (Cont'd; 


18.  Turn  off  the  room  lights.  It  is  easier  to  spot  smoking, 
charring  or  a  flame  when  the  room  la  dark.  After  the 
red  safety  signal  has  been  on  for  about  1^  seconds,  the 
spark  Ignites  and  the  heating  coll  will  automatically 
go  on.  The  moment  the  heater  coll  goes  on,  the  Igni¬ 
tion  timer  (the  timer  on  the  left  side  of  the  electric 
console)  will  again  begin  to  operate.  Note  how  the 
plastic  behaves  when  it  Is  heated  —  when  It  begins  to 
char  and  smoke.  Observe  the  plastic  strip  from  the 
front  window  of  the  chamber  and  when  the  plastic  Ig¬ 
nites  .throw  the  first  switch  on  the  upper  left  hand 
side  of  the  upper  portion  of  the  electric  console  (the 
switch  marked  "Switch  Position  when  Ignition  Starts"). 
Ignition  Is  considered  to  occur  when  t''-^  flame  is  rans  • 
ferred  from  the  esciioing  gases  to  the  jurfooe  of  the 
specimen  and  continues  there.  Those  momentary  flashes 
which  occur  In  the  gassing  space  prior  to  the  sustained 
flame  are  disregarded.  Once  the  switch  nss  been  thrown, 
(ignition  time  switch),  the  Ignition  timer  will  stop  and 
the  second  timer  will  commence.  When  Ignltioii  occurs, 
turn  off  the  sparking  apparatus  by  throwing  the  "Spark 
Interruption  Switch"  to  the  right,  ai-.d  move  the  sparking 
gear  away  f  pOiii  wiiS  test  speclmei..  When  the  plastic  be¬ 
gins  to  burn  note  how  rapidly  and  violently  It  burns  and 
the  height  of  the  flame  that  extends  from  the  top  of  the 
plastic . 

19.  The  Ignition  time  of  the  specimen  may  be  determined  by 
reading  the  Ignition  time  dial  and  subtracting  50-55 
seconds  (the  time  of  the  pre-heat  period).  Ignition 
time  Is  the  time  of  heating  after  re-energlzlng  the 
coll  (following  the  100  second  cooling  period)  until 
ignition  of  the  specimen  occure. 

20.  After  the  second  timer  has  registered  30  seconds,  throw 
the  second  switch  to  the  right  ;the  switch  marked 

"Sw3 1  posltlOTi  3c  Seconds  after  Ignition  Starts"' 

Throfc  r  this  switch  deactivates  the  heating  coll. 

Contln  ..  to  observe  the  plastic  strip  from  the  front 
end  right  side  window  to  determine  when  tht.  flame  haa 
gone  out  completely.  As  soon  as  the  flame  goes  out, 
switch  the  third  bwltch  to  Its  ’"Ight  hand  position 
(the  switch  marked  "Switch  Position  when  Burnlr.g  c.  jos"). 
Burning  time  Is  the  time  elapsed  between  de-energi Ting 
the  coll  and  the  corople te  extinguishment  of  the  V)  ’.me. 
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TEST  PROCEDURES  (Cont'd) 
iO.  (Continued) 

The  specimen  Is  considered  to  be  burning  as  long  as 
any  flame  ~  no  matter  how  small  -  persists.  The 
two  timing  meters  now  read„  respectively;  The 
"Ignition  Tlirte"  of  the  specimen  plus  30  50-55  seconds 
and  the  "Burning  Time"  of  the  specimen  plus  30 
seconds..  To  determine  the  Ignition  tlmej  subtract 
50-55  seconds  from  the  reading  on  the  first  timer; 
to  determine  the  burning  time  subtract  30  seconds 
from  the  reading  on  the  second  timer.  Record  these 
values  on  the  data  sheet. 


21.  Stir  the  test  atmosphere  immediately  after  the  flsme 
on  the  plastic  is  extinguished ^  with  r  :  <  he!nber  cj.r- 
culatlng  fan.  Immeolai.ely  test  for  the  presence  of 
HCi  with  the  appropriate  detector  tube.  If  HCl  Is 
present  In  concentrations  of  over  25  p.p-m,.  It  should 
be  determined  by  the  mercuric  nitrate  titration  method. 
Chlorine  la  qualitatively  tested  for  with  fluoresceln- 
KBr  strips.  If  present,  chlorine  is  determined  quan¬ 
titatively.  It  Is  necessary  to  stir  the  chamber  at¬ 
mosphere  to  assure  a  fairly  represertat.  ve  ssimple  and 
to  teat  for  the  gases  rapidly  to  minlndze  losses  by 
reaction  with  one  another,  the  chamber  walls  and  other 
accessories.  The  other  gases  are  tested  for  after 
hydrogen  chloride,  chlorine  and  phosgene  have  been 
tested  for.  In  the  order  in  which  they  appear  on  the 
data  sheet. 


22.  Turn  off  the  circulating  fan  after  It  has  been  on  for 
five  minutes,  and  record  the  temperature  within  the 
chamber  at  this  time. 

23.  After  all  the  toxic  gases  are  tested  for  purge  the 

test  chamber  atmosphere  with  pressurized  air  (40  p.s.l.) 
(Break  the  water  seal  before  attempting  to  purge  the 
chamber) . 

24.  Remove  and  reweigh  the  burnt  test  strip  after  30  min¬ 
utes  of  purging.  Calculate  the  %  weight  loas.  Remove 
the  test  strip  with  care  to  prevent  it  from  breaking  so 
that  a  true  weight  loss  because  of  Ignition  oar  b* 
made . 

In  the  event  of  non- Ignition  of  the  test  specimen,  the  .jeatlng 
current  Is  discontinued  after  41C-420  seconds  of  heatlrir.  The 
atmosphere  is  stirred  and  the  gas  det<-.milnatloris  and  weight 
loss  determination  are  made  In  the  manner  described  above. 
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CHEMICAL  AND  ANALYTHCAL  METHODS 


The  Bellateln  teat  ^  is  performed  or.  powdered  drilllnga  of  the 
plsatlca  to  determine  if  the  plastic  atrip  waa  formulated  with 
either,  chlorine,  bromine  or  iodine.  Organic  compounds  contain¬ 
ing  fluorine  do  not  respond  to  the  Bellsteln  teat  because  copper 
fluoride  la  non-volatile.  The  test  is  performed  by  inserting 
the  end  .of  a  copper  wire  .into  the  oxidizing  part  of  a  bunaen 
flame  to  produce  a  GuO  coating  on  it.  Oet  some  of  the  plastic 
drillings  to  cling  to  the  end  of  the  wire.  Then  place  the 
wire  into  the  oxidizing  part  of  the  flame  for  at  least  10 
seconds  and  observe  the  color  of  t;he  flame.  The  appearance 
of  a  green  or  blue-grean  color  in  the  flame  indicates  o’"''orlne, 
bromine  or  iodine  may  ha”e  nee  *,  used  In  the  orimiatlon  of  the 
plastic.  Certain  organic  nitrogen  .'-ompounds  will  also  impart 
a  green  or  blue-green  color  to  the  fla/rs..  The  absence  of  a 
green  or  blue-green  color  in  the  flame  Indloatsa  that  no 
chlorine,  bromine  or  iodine  was  used  in  the  formulation  of 
the  plastic . 

If  the  green  or  blue-green  color  appears,  chlor.ine,  phosgene 
and  hydrogen  chloride  must  be  tested  for  wner  analyzing  the 
toxic  gases  emitted  by  the  plastic  strip,  .If  no  green  or 
blue-green  color  la  seen  in  the  flame  as  a  result  of  the 
Bellsteln  test,  these  gases  need  nor  be  tested  for. 


DETERMINATION  OP  HYDROGEN  CHLORIDE  VV 
(In  Amounts  greater  man  25  p.p.ro,.) 

by  titrating  with  standard  mercuric  nifcrate  using  Sodium 
^ntroprusside  as  the  indicator. 

Stir  the  atmosphere  created  by  the  burnt  plastic  for  two  minutes 
and  then  bubble  a  known  volume  of  the  atmosphere  (about  10  liters) 
into  a  sampling  vial  contairilng  10-12  ml  of  dla^ 'lied  water.  The 
flow  rate  should  be  about  5  and  can  be  metered  by  using 

a  suitable  rotometer  (anx.  p.  9).  Hydrogen  chloride  is  highly 
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CHEMICAL  AND  ANALYTICAL  METHODS  (Corit-d) 


.soluble  in  water  and  will  be  absorbed  quantitatively.  Alter 
the  sample  has  been  flowed  through  add  two  drops  of  indica¬ 
tor  solution  to  the  vial,,  and  titrate  with  standard  mercuric 
nitrate  solution  (O.IN)  until  a  faint  but  permenent  turbidity 
appears.  Run  a  blank  with  distilled  water  and  make  the  nec¬ 
essary  correction  (no  more  than  2  drops  of  mercur-ic  nitrate 
should  be  needed  for  the  blank). 

Calculations  for  determination  of  ppm  HCl  in  Atmosphei’e 

(meg) 

ppm  HCl  “  m.l  Hg  fN6^)2  x  Ntml  )  x  36.5  mg  HCl  x  6 70  ppm 
liters' air  sample  meg  “  mg  H’il  ' 


ppm  HCl  =  ml  Mercuric  Nitrate  X  Normality  (Mercuric  Nitrate)  x  24.5  x  10^ 

XlYers  of  air  ('ampled 


I 


REAGENTS 


Indicator;  Dissolve  10  g  of  sodluiri  nl troprusslde  (NapPe(CN)c 
No,  2HpO,  in  90  ml  of  water  and  store  in  a  brown  bottle.  Dis¬ 
card  ,tf  a  green  trior  develops. 

Standard  Mercuric  Nitrate  Solution  (O.IN):  Dissolve  l6.3  g 
of  mercuric  nitrate  (Hg(N03)2.x  HgOj  in  50  ml  of  Isl  nitric 
acid,,  then  dilute  with  water  to  one  liter.  Standardize  a- 
gelnst  pure  sodium  chlor.l.de  or  against  a  standard  solution 
of  O.IN  HCl. 


Total  chloride  Is  determined  by  this  method.  Chlorine  and/or 
phosgene  if  present  can  be  determined  quant.itatlvely  by  using 
appropriate  detector  tubes.  A  suitable  correction  shoul-  ic 
made  when  these  gases  are  present;  ,)n  cal-Tiulatlng  the  amount 
of  HCl  In  the  atmosphere. 
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chemical  and  AHAj-YTICAI  HETHOSS  (Cont'iJ) 

Cyanides,  if  present,  will  Interfere  with  the  total  chloride 
determination  giving  a  positive  error.  Cyanides,  however, 
are  seldom  found  In  atmospheres  containing  chlorides.  If 
wh  n  testing  a  plastic  which  Is  allowed  a  maximum  HCl  conccn- 
tr.4tlon  of  100  p.p.m  ,  cyantde  is  present,  the  following  should 
be  done;  Add  formaldehy-<  the  solution  to  be  titrated. 

This  will  cause  any  hyd.*ooyannlc  acid  that  is  present  to  react 
to  form  glycc?.onitrlle  which  will  not  Interfere. 

When  testing  a  plastic  which  is  allowed  a  maximum  HCl  concen¬ 
tration  of  1000  p  p.m..  It  is  in  all  probability  Linnecessary 
to  add  formaldehyde  as  the  cyanide  concentration  will  probably 
be  considerably  less  than  100  p.p.m.,  and  cause  no  appreciable 
error. 

TEST  FOa  CHLORltg  (Q,UALIlATrvlS>^/ 

Fluarcscein-potassiuin  bromide  paoer  is  used  to  quanta tlvely 
detect  the  prese.nce  of  chlorine.  Fluorescein  (a  yellow  dye; 
reacts  with  free  bromine  to  p'Oduce  red  eosln  (tetfabromo- 
fluorescein).  The  presence  of  chlorines  (or  fluorine)  causes 
free  bromine  to  be  liberated.  The  free  bromine  reacts  with 
the  fluorescein  and  turns  the  paper  red. 

Reagents:  Fluorescein- potassium  bromide  paper  is  made  by 
bathing  strips  of  filter  paper  in  3  very  weakly  alkaline 
solution  containing  0.1  g  dye  end  0,5“ 0.8  g  KBr  and  dried. 

Limits  of  detection:  0.001  mg  Clg 

Chlorine  can  be  determined  quantitatively  by  u8lr.g  the  MSA 
CI2  detector.  See  the  discussion  as  to  how  Interfering 
gases  affect  the  reaxUts.  (page  #??). 

The  remaining  gases  are  tesued  for  by  usln^^  detector  tubes. 

The  detection  tubes  employed  are  glass  tubes  packed  with 
silica  gel,  alumina  gel  or  glass  impregnated  with  reagent 
chemicals  which  glvij  a  characteristic  color  reaction  with 
a  specific  gaa.  The  detector  tubes  are  nermetlu.lly  sealed 
at  both  ends.  When  a  gas  Is  to  be  analyzed  for,  the  ends 
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of  th«  detector  tube  for  this  gas  are  broken  off  and  the  tube 
Is  inserted  Into  the  pump  It  was  designed  to  be  used  with. 

A  known  volume  of  the  gas  to  be  analyzed  Is  drawn  through 
the  tube  by  the  pump.  The  detecting  reagent  in  the  tube  re¬ 
acts  with  the  gas  It  Is  designed  to  detect  and  changes  color. 
The  length  of  color  change  In  the  tube  Is  proportional  to 
the  concentration  of  the  gas  being  analyzed.  The  concentra¬ 
tion  of  a  given  gas  can  be  determined  by  making  reference  to 
calibration  charts  supplied  for  this  purpose.  For  a  detail¬ 
ed  discussion  of  this  topic  see  references  ^  and  10/ . . 


The  following  indicates  how  each  gas  is  to  be  tested  fo’" 

Qualitatively  by  a  Fluorescein- Potassium 
Bromide  test  strip.  The  strip  should  be 
hung  from  the  end  of  the  dial  thermome¬ 
ter  or  other  suitable  support  Inside  the 
chamber.  If  the  strip  turns  from  yellow 
to  pink  or  red  chlorine  Is  present. 
Quantitatively  by  ths  MSA  Chlorine- in- air 
Detector,  Part  No,  '40C/tubeB  Cat. 

#Dy.- 82399- 

Use  Draeger  Detector  tubes  Hydrochloric 
Acid  2/a  Cat.  No.  ch  295  end  10  strokes 
Draeger  pump.  If  reading  obtained  Is  in 
excess  of  25  ppm,  hydrogen  chloride  must 
be  determined  wet  by  the  method  on  p.  #13. 
(See  apx.  pp.  9>  20-22,  31.) 

Draeger  Phosgene  0.25b  Detector  Tube  Cat. 
No.  CH  283.  5  strokes  of  the  Draeger 

pump,  (apx.  pp,  20-22,  32), 


Draeger  Formaldehyde  0.002  detector  «.ube 
Cat,  Ho.  Ch  264  and  Draeger  pump.  Break 
the  Inner  vial  of  the  Drae^-^r  Pormelde- 
hyde  detector  tube.  Take  5  pump  strokes. 
The  ansv.’er  obtained  Is  In  mg/l  x  10” 3  of 
fcrmsldehyde.  Convert  this  anev:'?r  tr  ppm 
by  multiplying  by  8l5 .  (apx.  pp.  2 '-22, 
33-34). 


Chlorine 


Hydrogen  Chloride 


Phosgene 


Aldehydes  as 
Formaldehyde 
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Ammonia 


Carbon  Monoxide 


Carbon  Dioxide 


ILitagawa  Arn'ccrla  detertor  t.ite  Cat.  #105b 
and  K'ta.geva  P-i-op.  Use  i  stroke  of  the 
P'.jnF.  (apx.  pp.  S5-27j  35r  3f). 

Draeger  carbon  monoxide  detector  tube 
marked  S/a  Carbon  Monlxlde  Cat.  Nc.  Ch  256. 
10  Draeger  pjipp  strokes  (apx.  pp.  20-22, 

37:-. 

Carter.  Monoxide  Indicator  Tubes 
iJ’*  conjunction  w.lth  lacharach 
Moro.xcr  —  Carbon  Mcnoxlde  Ird'.sator 
Model  ''■DZ.  .apx.  pp.  38-Ap, . 

Report  s:.i8wer  12  the-  ?  •  'axe  ~f.  the 
Draeg?’"  and  Bacharach  lesi'ngs. 

Kitagawa  rarben  dioxide  detector  tube  Cat. 
M;>.  126b  and  K.itegawe,  puirp.  'apx.  pp. 

2'.-£?..  ^3;. 


Oxides  of  Nitrogen 
as  NO2 

MSA  Kltrcger  D' ‘Ttldt- ' '  •  1  h  te-  tcr  Pump 
Fart  Nc,  or  ouhed  3''  ‘‘:.'C95.  1  or  3 

squeeti?  :-5  detector  t-ulb.  '»?>••  P* 

Cyanides  as  HCM 

MSA  sampling  tubes  ''at.  #DF*’;'^!37  and  MSA 
Hvdr' r ’av if  acid  gas  detect"  Fart  Ne. 
7.3^92.  Thret-  squeeses  cf  th*  leiector 
bulb.  -tjir.  pp.  1P-I9,  45), 

Combustibles  as 
Natural  Oas 

1C  cr  r.-r-  ec.-ezee  ■cC  the  1  >.lb  of  the 
Da'/ift  .ipil'S*. -r  Model  M-f  ltd  use  :  " 

C’iT'. *  V,  .  i;r  MeJel  M-6  >,p. te.’ter 

wh'ch  '"riit  Fpit  Nat  ..-cl  ge.»  ir  the  'Ci;! 
e-ale.  .?pr  pp.  15-:”,  . 

Oxygen 

MSA  ft  -.hl'.T  C.v/gen  ir.dlc.atcr  '”’.-pe  S,  . 
(apx.  pp.  -=6:-3C;. 

The  manufacturer's  Ins trac tiers  regarilr.g  the  use  cf  tnese  ma¬ 
terials  should  be  strict iy  adb.'  'el*tc. 

The  additional  points  which  follow  should  la  rctrO  r.»7ent 
Introducing  avcldable  Triers, 
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CHEMICAL  AWD  ANALYTICAL  METHODS  (Cont'd) 


The  length  of  discoloration  depends  to  a  great  extent  upon  the 
rate  at  which  gas  is  flowed  through  the  detector.  The  rate  of 
flow  through  the  pump  differs  for  the  different  detector  tubes. 
The  pumps  must  be  checked  frequently  to  assure  that  they  are 
operating  with  the  flow  rates  that  they  were  calibrated  for  as 
specified  In  the  manufacturer's  l.tterature. 

In  using  the  Draeger  Pump  be  sure  that  the  bellows  are  de¬ 
pressed  completely  before  beginning  an  Intake  stroke.  Let 
the  pump  expand  itself  and  do  not  attempt  to  speed  up  the 
process. 

Should  a  tube  become  completely  dlso:T.:>.rcd  “  ‘'ore  the  re¬ 
quired  number  of  strokes  are  taken  the  followtivi  procedure 
b.'iould  be  followea;  Take  as  many  strokes  as  can  be  taken 
without  discoloring  the  entire  reactive  layer.  Multiply  by 
the  proper  factor  to  determine  the  concentration  of  the  gaSj 
e.g.  if  the  Draeger  Carbon  Monixide  tube  reads  .180  after  two 
strokes  of  the  Draeger  pump,  addlticnal  strokes  should  not 
be  made.  2/10  X  *  l8c  so  that  the  .concentration  of  carbon 
monoxide  .ir,  ppm  .is  90C.  The  shelf  lives  o':  the  iecector 

tubes  vary - the  e-xpiratlon  dates  being  stamped  on  ea.ch 

box  of  tubes.  Nc  tubes  should  be  used  after  their  exp.l ra¬ 
tion  date,  nor  should  any  tube  be  used  which  is  discolored 
before  it  is  opened. 

Detector  tubes  may  sometlmee  chjinne'. :  only  one  part  of  a 
reactive  layer  becomee  discolored  -  either  the  front  of  the 
layer  or  the  back  of  the  layer,  but  non  the  entire  circtun- 
ference  of  the  layer  becomes  discolcred.  .If  the  channeling 
Is  severe  -  makes  a  s.lgnl.flcant  di.fference  in  the  reading 
obtained,  the  determination  should  be  performed  again  using 
a  new  tube  in  ar.  attempt  to  a  void  ohArjoellrg.  Should  chan¬ 
neling  persist,,  the  value  for  the  gas  determined  should  be 
reported  as  the  average  of  the  hlggh  and  lew  readings  except 
where  the  manufacturer's  lostruetlor s  a’^e  otherwise. 


Subseitut.lon  of  Detector  Tubes 


In  the  future  other  tubes  or  methods  of  analysis  wilu  Ia- 
developed  which  are  as  accurate  or  more  accurate  than  r’-ose 
tubes  presently  used,  and  may  be  substituted.  These  ns 
tubes  should  not  be  used  If  the  ether  gases  w.'il.oh  maj  be 
present  in  the  toxicity  atmospheres  vi.'  1  interi  ^re  with  the 
readings  obtained.  The  suitability  of  a  given  tube  for  these 
gas  determinations  may  be  determined  by  formal  reports,  em¬ 
pirical  trials,  or  the  isanufact\>.rer '  s  data. 


r,> --vp?srr»n|5a 
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UNITED  STATES  TESTING  COMPANY,  INC 


ACCURACY  OP  THE  ANALYTICAL  METHODS 


Chlorine  (Qualitative  Teat  for)§/  -  The  KBr  -  fluorescein  test 
strip  is  specific  for  chlorine.  Only  fluorine  will  Interfere. 


Chlorine  (Quantitative -  The  M.S.A.  Chlorlne-ln-Alr  de¬ 
tector  is  accurate  to  +  15-2056  of  the  scale  reading.  Inter¬ 
fering  gases  -  If  a  concentration  of  10  ppm  nitrogen  dioxide 
is  Introduced  to  these  tubes  the  results  will  yield  an  8-15 
ppm  reading  on  the  tube.  The  stain,-  however  ir  yellow  athcr 
than  the  blue  of  normal  ohlorlne  Indication.  J.r  a  mixture  of 
5  ^pm  nitrogen  dioxide  and  2  1/2  ppm  chlorine  is  Introduced 
the  length  of  stain  reading  corresponds  to  6  ppni,  but  the 
stain  is  still  yellow.  Thus  it  appears  that  if  the  nitrogen 
dioxide  concentration  is  in  excess  of  the  chlorine  concen¬ 
tration  there  will  be  a  tendency  of  the  former  to  oieach  the 
blue  stain  to  a  yellow,  but  since  this  definite  indication 
occurs,  it  should  cause  no  problem,  Methat  s,  c<»rb<'n  dioxide, 
carbon  monoxide,  and  aldehydes  will  have  no  si'feot  on  these 
tubes.  Hydrogen  chloride  and  phoagene,  in  general,  will 
have  no  effect  up  to  their  threshold  limit  values. 


Known  Test 

Concentration  Tube  reading,  ppm 

Chlorlnei2/  1  Trace 

2  0.5 

5  Less  than  2 

The  MSA  tuDe  for  chlorine  was  tested  and  gave  the  fallowj.ng 
results:  A  trace  of  1  ppm,  0.5  ppm  at  2  ppm,  and  2  ppm  *».t 
5  ppm. 
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Hydrochloric  Aold 


Hydrochloric  Acid  (Hg(W03)2)  Titration 


The  accuracy  of  this  determination  is  limited  by  the  accuracy 
of  the  gas  flowmeter  employed.  The  flowmeter  employed  in  this 
determination  is  accurate  to  ±  20fl.  (More  accurate  flowmeters 
are  obtainable  should  greater~ accuracy  be  desired) . 


]teaeger  2/a  Hydrochloric  Acid  Detector  Tube 
(Draeger  Inforaation  Sheet  No.  39  -  June  196o)ifi/ 


Properiias  of  the  2/a  HZl  Detector  Tube 

The  (violet)  discolorations  of  the  indlcatlns  layer  caused  by 
hydrochloric  acid  only  last  for  a  limited  time;  they  tend  to 
pale.  It  Is  necessary  thex*efore  to  note  the  readings  direct¬ 
ly  after  the  test.  The  2/a  HCl  Detector  Tubes  have  a  storage 
life  of  at  least  two  years. 

Range  of  Indication  -  About  2  to  30  p.p.m. 


Specificity 

The  Indication  of  the  2/a  HCl  Detector  Tube  Is  based  on  a 
reaction  of  the  hydrochloric  acid  with  an  organic  metal  com¬ 
plex.  The  reaction  is  determined  the]?efore  not  by  the  acid 
function  but  by  a  complex  reaction  of  the  anion.  This  means 
that  the  HCl  Indication  Is  rather  specific. 

HCl  analysis  can  be  upset  by  nitrous  gases  and  chlorine  If 
th^-y  are  present  in  excess.  They  produce  a  discoloration  of 
the  Indicating  layer.  Hydrogen  sulfide  can  also  offer  Inter¬ 
ference;  It  discolours  the  Indicating  layer  blue.  Hydrogen 
fluoride,  offers  no  Interference. 

Effects  of  the  Ambient  Humidity  and  Temperature 
on  the  Weasureisent 

In  calibrating  this  detector  tube,  we  encountered  the  dif¬ 
ficulty  Qf  allowing  for  the  effects  of  the  moisture  In  the 
test  gas.  As  the  relative  humidity  in  the  air  Increased, 
we  had  to  allow  for  a  part  of  the  hydroohloi Ic  acid  vapour 
condensing  as  a  mist.'  Mists  of  this  type  cannot  be  accurate¬ 
ly  measured  with  a  detector  tube  but  can  be  allowed  for  dur- 
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Hydrochloric  Acid 

Ing  calibration,  we  first  determined,  therefore,  the  cali¬ 
bration  curve  for  a  teat  gee  of  r.h.  at  20®C.  The  HCl 
concentration  of  the  test  gaa  waa  determined  by  the  Vollhardt 
method  In  a  flow-metering  arrangement.  This  gave  us  the  total 
of  HCl  vapour  plus  HCl  mist.  The  calibrated  scale  which  we 
have  printed  on  the  detector  tube  allows  for  these  test  con¬ 
ditions,  Subsequently,  at  a  given  HCl  concentration,  we  In¬ 
vestigated  the  dlvergenelaa  from  the  scale  value  at  a  lower 
and  higher  relative  humidity  of  the  test  gas.  We  found  that 
In  drier  air  of  about  30ft  r.h.  (20'’C},the  scale  reading  was 
10  to  20f(  too  high.  At  the  bottom  end  of  the  scale,  the  dl- 
veroence  from  the  scale  value  la  at  Its  maximum  (/  2^). 

:  ■  V'l.miAitv  was  higher  (70J<  r.h,  at  20"C), 

''?'ro«ite.  The 


-•  J- 

ar*'  eJ': 
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of  their  Interference  is  oeocii-  . 

Influence  of  NOg  and  Chlorine  on  the  HCl  Indication 
Predetermined  Predetermined  HCl  actually 


HCl  conoentratlon 
p.B,m, 

NO2  conoentratlon 

p.D.m. 

found 

p.p.m. 

Remarlce 

7 

3 

7 

7 

5.5 

approx.  4 

Zone  of  dla- 
ooloratlon 
rather  pale; 

e value 

difficult. 

15 

5 

12.5 

15 

7 

10 

15 

10 

approx.  6 

Evaluation 

unce-tsln. 

AS  long  as  the  NOg  concentrations  are  substantially  smeller 
than  HCl  concentrations,  the  HCl  analysle  le  not  offectr^. 

On  the  other  hand,  if  the  NOp  conoentratlona  are  of  abcit  the 
aasw  magnitude  as  the  HCl  concentrations,  then  ioo  little  HCl 
la  indicated.  With  an  excess  of  MO^  there  may  be  even  be  no  In¬ 
dication  of  HCl  whatsoever. 

Chlorine  upaete  the  dataotor  tube  reeding  in  s  similar  way. 
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Phoegene 


Draeger  0.25A  Phoagene  Detector  Tube  , ,, 

(traeger  inrornation  Sheet  ho.  -  May  1960)^^ 


Propertlga  cf  the  0.25/‘b  Phoagene  Detector  Tube 


Qeneral 

The  calibrated  acale  (in  p.p.m.)  printed  on  the  detector 
tube  la  valid  for  an  air  aample  of  l/P.  litre,  corre'^pond^ 

Ing  to  5  atroksa  of  the  bellowa  he  0.25/b  rnbagene 

Detector  Tubes  may  be  scored  for  at  least  two  years.  So  long 
as  both  the  tube  and  the  gas  sample  are  within  a  temperature 
range  of  5  and  35*^0,  the  ambient  temperat'ore  has  no  effect  on 
the  readings. 


Range  of  Indication 

As  the  illustration  shows,  the  rang‘d  ex'  measurement  -inder  the 
teat  conditions  indicated  (5  strokes  e  l/S  litre  cf  a?.r  sample) 
la  from  about  0.25  to  15  p.p.m.  The  length  of  the  bluish-green 
discoloured  acne  1»  the  aeaaurement  of  phosgene  concentration. 
The  range  of  measurement  may  be  inireaaed  upwards  by  the  factor 
5  (to  approximately  75  p.p.m.)  when  the  gas  sample  la  drawn 
through  the  tube  with  only  one  stroke  cf  the  pump.  Then,  logi¬ 
cally,  the  scale  values  must  be  multiplied  by  5. 


Specificity 

The  Indication  of  the  0.25/b  Phosgene  Detector  Tube  Is  based 
on  the  colour  reaction  of  the  phosgene  with  aromatic  amino 
aldehydes.  The  Indication  reaction  la  specific  for  phosgene . 

By  virtue  of  the  pre-cleanslng  layer  incorporated  in  the  0.25/b 
Phosgene  Detector  Tube,  all  cileturbing  fact."-’’B  which  might 
affect  the  quantitative  aspect  of  the  test  result  are  eliminated. 
The  possible  adverse  effect  of  water  vapour  In  Instances  of  very 
high  relative  humidity  la  also  excluded.  The  pt - n;?  reading 
with  the  0.25/b  Phosgene  Detector  Tube  Is  not  in  ai  y  Influenced 
by  simultaneously  present  ammonia. 
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Phosgene 


nie  Measurement  of  Phosgene  In  the  Presence  of 
Hvanid  Air  _  _  _ 


ThSae  tests  were  carried  out  at  rcoiv  temperature  and  with  a 
re.lative  humidity  between  23  and  939£.  The  predetermined 
phosgene  concentrations  were  between  3  and  13  P>P«n.  Ihe 
humidity  in  the  air  was  measured  with  the  0.1  Water  Vapour 
Detector  Tube  (absolute  values  between  3  ai'd  18  mg  H^O/litre). 
The  phosgene  concentrations  were  detertrlned  Inanediately 
(l.e,  within  3  minutes)  after  the  gaa  mixture  had  been  prepared. 


Result  of  our  Jnveatigablons:  ir.  .:o  was  the  divergence 
from  the  pre-detemdned  phosgene  concentration  greater  than 
/  10ft.  It  may  therefore  be  ooncludf'd  that  atmospheric  huni> 
city  (at  least  up  to  a  relatl.ve  humidity  of  05)t)  has  no 
effect  on  the  result  of  the  teat.  Wh*.'-e  the  relative  humi¬ 
dity  is  even  greater,  l.e.  sloae  to  a.;*’'rctien  point,  small 
concentrations  of  gas  cannot  any  longer  be  clearly  provided, 
so  we  decided  not  to  continue  th'^  teatf  beyond  the  stage  re¬ 
ported  . 


The  Measureaient  of  Phosgene  In  the  Presence  of  HCl 

Upon  repetition  of  the  experimerta  deacribed  In  .Information 
iheet  Ko.  32.-  In  Table  2,  we  found  chat  the  phosgene  was  In¬ 
dicated  by  the  0.25 A)  Tube  even  where  there  was  ’a  high  excess 
of  hydrocnior.lc  acid.  Under  extreme  condltlone  of  concentra¬ 
tions  (about  1:  150),  there  may  always  te  a  slight  pl'is-error. 
For  example,  where  the  concentration  of  phosgene  waa  2.5  p.p.m. 
and  that  of  hydrochlorl:  acid  350  p.p.m.,  the  phosgene  reading 
was  3  p.p*m. 


The  Measaremert  of  Phosgene  In  che  Presence  oi 
Chlor.i.ne  and  Nitrous  Oases. 


CUorlne  and  nltrcus  gases  alone  dlacoloiur  the  indicating  layer 
in  orange-tinged  zones.  Tl.ere  Is  no  possibility  of  eonfuc.'on 
with  the  bluish-green  discolouration  produ-ec  ;.y  phrsgtne. 
PUrtheme^e,  this  discolouration  only  occurs  .(here  there  is  a  rela¬ 
tively  high  chlorine  or  nitrous  gae  ccnoentv.f  ion. 
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Phosgene 

If  phosgene  la  nessured  In  the  presence  of  chlorine  or  nitrous 
gases j  the  result  is  not  affected  by  these  gases  even  If  they 
are  present  to  great  excess.  With  a  high  excess  of  nitrous  | 

gas,  the  most  that  may  be  expected  is  a  paling  of  the  green 
tinge  produced  by  the  phosgene. 

The  Measurement  of  Phosgene  In  the  Presence  of 
Ammonia 


Table  1 


The  measurement  of  Phosgene  In  the  presence  of  Aianonle.  The 
concentrations  were  made  up  In  a  ^0  litre  glass  bottle.  The 
tests  were  made  at  room  temperature  with  5  mg/'lltre  atmos¬ 
pheric  moisture.  The  values  were  ascertained  in  '-ch  case 
5  minutes  after  the  gas  mixture  h«d  been  prepared. 

Pre-  Pre-  Phosgene  readings 

determined  determined  0.25/b  Phosgene 

NH3  Phosgene  Detector  Tube 


100  p.p.m. 
500  p.p.m. 


12.5  p.p.m. 
12.5  p.p.m. 


12  p.p.m. 
i'-'.S  p.p.m. 


Table  2 


Showing  the  gredtail  decomposition  of  the  Phosgene  in  the  pre¬ 
sence  O'"  Humidity  and  Ammonia  respectively.  The  ges  concen¬ 
trations  were  prepared  in  a  50  litre  glass  bottle.  The  tests 
were  made  at  room  teispereture. 

Pre-determlned 

Phosgene:  12.5  p.p.m.  12.5  p.p.m.  12.5  p.p.m. 

~  100  p.p.m.  100  p.p.m. 

Hater  Vapour:  20000  p.p.m.  7000  p.p.m.  20000  p.p.m. 


TioM  Phosgene  found  as  a  ^  of  the  pre-determlned 

(hours)  _ concentration _ 


100 


100  100 

^  90 

88  82 
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Porwa'idehyde 


toaeger  PorrAliehyde  Ditecr.or  Tube  C.CCe 

■Draeger  Informatlor.  ST^eer  No.  9~-  September  1937)—' 


Characteristic  Features  cf  the  Prirmaldehyde 
Detector  Tube  C.002 _ 


This  Detector  Tube  .'•as  a  raeasuri.ng  range  cf  abo.it  0.0C2  mg 
to  0.05  mg  of  formaldehyde  per  Litre  of  air.  This  correfl- 
ponds  tc  about  2  to  40  p.p.m.  Tae  fes*  .It  >'=u'^d  on  thr 
action  of  formaldehyde  K.'tt  an  a’'cm8.tlt  hyd  uce  "ton  in  the 
p^egenne  of  sulphurl.;  acid.  The  .  -dlca^.'on  cf  formaldehyde 
Is  practically  speciflr. 

By  the  .nc/el  rompcsitlon  of  the  Detector  Tube  It  has  been 
rendered  ':acable  cf  pranicallv  vrltmited  storar,t.  It  take  a 
measurement  5  strokes  of  the  teliowe  pump  of  *he  (las  Detector 
are  made.  The  concentration  of  the  fornaldehyds  the  air 
being  teersi  is  read  -Tf  direct  ly  “n  ing/'j.i,c;,"c.  om.  the  s'-ale 
printed  cn  :he  tnts:. 


Kr.c  «n  '^est 

Drasg-  r  f readJ.ng 

Cu.cc-inrrsT.'.or. 

Tuts  p.p.m. 

Formal  dehyde.iLl''’ 

264  Trars 

?^4  4-5 

?64  1"' 

The  Draeger  tuts 

=4  gave  readi*-.gs 

wr.'.'h  are  slt  glTly  lower 

than  the  kncwr.  'oncentr-ir-. "  and 

!:  was  nctsd  hna*  'he  3r.a.irji 

colcr  variri  f^om 
centrat.'.or. 

/■-ry  Iig>-’  rf  d  ‘ 

•  rij  lrpr:hd.tr.g  t.r.  the  ccn- 

At  5  ppm.  tt.*^  tube 

ind' cared  frcm  u 

ppm  with  •t.e  'll:!  form' 

trig  a  Itghi  red. 

eproO'.'itie  a...t  always  remain' 

ed  the  same  at  5  Ppm  cc.ncer.tratlcn 

8. 

At  20  ppm  the  tube 

Indirgrsd  f'cm 

15  tc  16  ppm  and  g,-. 

definite  red  ststn 

• 

At  2  ppm  a  slight  char.gt  in  t.'-.e  reacitcr  layer  wae  oba*.'".'ed 
but  not  eno-gh  to  te  considered  adfeQua'e  .for  "  a*.  ?  p-ir. 
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Ammonia 


Known  Test 
Concentratlon 

Aim&onlaJ;^  50 

100 
200 
400 


Kitagawa 

Tube  reading 

Tiite 

p.p.m. 

105B 

50 

105B 

100 

105D 

200 

105B 

400 

Temperature  corrections ;  No  temperat’jre  correct-lone  are 
necessary  when  the  gases  measured  are  between  lO'^C  -  32°C. 

Interfering  gases;  The  only  listed  interferirig  gases 
amines  and  amine  derlva^-lves. 

(Reference  -  Kitagawa  Instruction  Sheet) 
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Carbon  Moroxlde 


Draeger  Carbon  Monoxide  Detector  Tube  5/a 

(Draper  Information  Sheet  No.  45  -  November  1960)^-!/ 

In  addition  to  the  new  lO/a  CO  Detector  Tube  described  in 
No.  42  In  the  series  "information  on  the  Draeger  Oas  Detector", 
other  detector  tubes  have  been  developed  during  the  course 
of  time  for  measuring  CO.  They  differ  from  one  another  only 
in  their  ranges  of  maasurement,  each  range  being  adapted  to 
suit  the  particular  application. 

At  the  outset,  we  would  mention  that  the  same  principle  of 
reaction  -  the  iodine  pentoxlde  reaction  -  ' used  for  j.1 
the  detector  tubes  menticr'ed  in  this  review.  Also,  the  de- 
ol^n  of  the  various  types  is  similar:  In  front  of  the  white 
Indicating  layer  on  which  the  calibrated  scale  is  printed  Is 
an  orange -CO loured  pre-cleemslng  layer.  The  purpose  of  this 
is  to  absorb  selectively  any  disturbing  substances  which 
mlglit  be  contained  in  the  gas  being  tested  -  particularly 
hydrocarbons  -  so  that  the  carbon  monoxide  indication  will 
be  specific.  As  It  performs  Its  function-  the  pTv-cleanslng 
layer  will  change  from  crange  to  green. 

No.  42  in  the  series  "information  on  the  Draeger  Oas  Detector" 
gave  full  Information  on  all  the  general  properties  of  the 
lO/a  DO  Detector  Tube.  This  ini'ormatlon  applies  appropriately 
to  all  the  other  types)  and  therefore  to  the  5/a  tube). 


Excerpts  from  the  Draeger  In.forraatlcn  Sheet  No.  42 
September  iq6ol^ _ 


Effect  of  the  Ambient  Ccnditlons  upon  the  Result 

Moisture  In  the  test  air  doss  not  affect  the  result.  It  Is 
absorbed  quantitatively  in  the  pre-cleansing  la:er  in  the 
tube.  This  causes  the  colour  of  the  pre-cleansing  layer  to 
change  from  orange  to  red.  it  remains,  however,  nonetheless 
effective.  The  ambient  temperature  aoes  not  affect  tt"' 
result  so  long  as  both  the  gas  sample  and  the  tube  arc  ^ithlr. 
the  temperature  range  of  0  and  9^oc. 
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Carbon  Monoxide 


Specificity 

Virtually  the  only  interfering  substances  are  the  saturated 
and  uneaturated  hydrocart  ins . 


This  table  gives  the  concentrations  of  hydrocarbons  which.  In 
the  lO/a  CO  Detector-  T’.ibe,  simulate  a  CO  concentration  of  10 
ppm  (“0,001^-Vol. ). 


Test  gas 

Concentration 

<  Vol.  ppm 

Simulated  quantity  of  00 
in  the 

lO/a  CO  Detector  T’.>he 

,Pd: 

Propane 

0 .  i 

icoo 

10 

Butane 

0.1 

liX)C 

10 

Pentane 

O.O'i 

300 

10 

Hexane 

0.C4 

400 

10 

Heptane 

0,025 

250 

10 

Ethylene 

0.05 

500 

10 

Benzol 

0.C3 

300 

1C 

J.t  can  be  seen  from  this  table  that  the  reading  of  the  lO/a 
CO  Detector  Tube  Is  adequately  specific  for  CO.  An  addition¬ 
al  safety  .’’acicr  Ir.  evaluatlor  Is  that  the  tester's  attention 
Is  tjnmedlately  drawn  t;  th^  possible  presence  of  Interference 
s’.'bstanoefi  by  the  iisi;oloraticn  oi  the  pre-oleanslng  layer. 

As  long  as  the  prs-cl'^ar.sirg  layer  Is  not  completely  dis¬ 
coloured  (the  changes  from  orange  to  green),  the  in¬ 

dication  13  proof  of  the  p'^.r-ser.?*  '•■f  carbon  monoxide.  With 
the  type  10/a  th.'s  •'eal’.ng  ns  net  affected  by  hydrogen. 


i 


Accuracy 

The  length  of  the  sharp  Ij  de.ll'ieated  green  zones  of  dlscolora- 
ticn  produced  by  CC  show  the  concert -at. v or . 

With  the  lO/a  CO  Detector  Tube,  with  a  test  concentration  of 
100  ppm  CO  (in  other  words  the  MAC  value),  we  found  5  “'Hnd.ard 
deviation  of  +  7  ppm.  This  means,  therefore,  thjit  the  -rror 
In  a  single  test,  in  the  region  of  the  MAC  value,  will,  with 
a  statistical  certainty  of  95K5  be  less  tban  about  +  Ih  upm 
(twice  the  standard  deviation).  Slr.oe  the  pa’.ip  error  (■•  5ji) 


-31- 


A  U 


BEST  AVAILABLE  COPY 


UMITED  STATES  TESllNG  COfvIPANY,  INC. 


I 

Carbon  Monoxide 


mlghtj  in  the  most  unfavorable  casei  be  added  to  this,  then 
with  the  aame  atatlBtloal  certainty,  a  relative  msucitnum 
error  of  jh  20^  la  possible  in  the  Isolated  cases. 


Bacharach  Carbon  Monoxide  Indicator  Tubes^^ 

length-of-staln  tube,  color  change  from  yellow  to  dark 
browii,  very  easy  to  see.  Oood  response  at  2.5,  25  and  230 
ppm.  No  Interference  with  200  ppm  CH4  or  7  ppm  NOc. 

A  dark  brown  stain  la  foi-met’  In  a  yellow  ln^.J.ca^o^  gel. 
Ij.ir  the  Interface,  the  Intensity  of  the  brown  color  is 
much  less  than  that  of  the  major  portion  of  the  stain. 

Kushetzifi/  remarks  further  that  a  greater  uniformity  be¬ 
tween  observers'  Interpretation  was  achieved  by  rewriting 
the  manufacturer's  dl.r6CtlonB  for  making  the  reading  by 
suggesting  to  the  readers  that  the  tub®. a  ot'  repd  bv  trans¬ 
mitted  light  rather  than  by  reflected  light.  Where  the 
gel  and  packing  were  such  that  light  could  be  transmitted 
it  was  found  that  the  end-point  became  easier  to  see  when 
the  light  was  placed  behind  the  tube.  Reflection  and 
glare  from  the  outer  surface  of  the  cube  were  minimized  In 
thus  way. 

Since  this  method  gives  the  same  end-point  as  the  manufac¬ 
turer's  method  with  greater  ease,  it  sbAOuld  be  employed  if 
difficulty  in  fixing  thr  er.d-polnt  is  experienced. 

The  manufacturer  indicates  temp e rat. a.'e  corrections  are  Uii- 
necessary  for  gas  measurement a  performed  between  -56®C  and 
bi^c. 
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Carbon  Dlox.lde^5 


An  evaluation  of  Kitagawa  Detector  Tubes  Carbon  Dioxide  - 
Low  Range  -  500  to  8,000  ppm  follows: 


Date  of  Evaluation: 
Date  of  Report: 
Conducted  by: 


December  "J ,  Qj  i960 
December  19^  i960 
William  A.  Burgess 


A.  Deaorlptlon  of  Detector  lUbe 

1,  Two  boxes  of  twenty  tubes  each  of  Kd.tagawa  Carbon 
Dioxide  Low  Range  Detec  nor  Tubes  (Oata'^og  No.  12i^  b) 
were  submitted  for  pvaliuatlcn.  An  iriu'  action  sheet 
and  a  calibration  curve  were  submitted  wli;:'.  each  box 
of  tubes. 

2.  The  detection  method  for  low  range  CO2  to  apparently 
the  same  method  in  use  for  the  high  range  CO.  detector 
tube.  The  length  of  discoloration  of  a  bluish  purple 
reactive  chemical  is  directly  proportional  to  the  air 
concentration  of  carbon  dioxide, 

B.  Cali'cration 

1.  Known  concentrations  of  CO2  In  air  for  use  In  evaluat¬ 
ing  the  a-curacy  of  the  detector  tube  were  generated  by  a 
3 ta tic  technique . 

2.  The  CO2  gas  used  in  this  study  was  Colonial  Carbon 
Dioxide  distributed  by  New  England  Qas  Pi-oduc  fca. 

C.  Results 

1.  The  results  of  this  evaluation  study,  presented  in 
Table  1,  indicate  that  the  detector  tubes  supplied  for 
this  study  accurately  predict  the  concentration  of  t;u2 
In  air  up  tc  a  maxJmuiri  concentration  of  3000  ppm, 

2.  Above  3000  ppm  the  tubes  read  low  by  as  much  as  25^. 

3.  The  variation  in  predicted  concentration  amci;,:  n 
number  of  tubes  at  one  standard  test  ooncertration  is 
also  substantial  above  3000  ppm  as  shown  In  'i.’ests  t 
through  28. 
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Carbon  Dioxide 


Table  1 
Test  Results 

Kitagawa  Low^Range  CO2  Detector 


Teat 

No. 

Standard" Test  Test  Concentration 

Concentration  ppm 

Concentration  iTom 
Kitagawa,  ppm 

1, 

A 

300 

400 

2 

B 

500 

600 

3 

B 

500 

550 

4 

C 

1000 

1000 

5 

C 

1000 

1000 

6 

D 

2000 

2000 

7 

D 

2000 

2000 

8 

S 

3000 

^JOO 

9 

s 

3000 

2900 

1C 

X 

3000 

2800 

18 

p 

3000 

3000 

19 

p 

3000 

2800 

20 

p 

3000 

3000 

21 

a 

3910 

3500 

22 

a 

3910 

3500 

23 

a 

3910 

3500 

24 

H 

4940 

4500 

25 

H 

4940 

5000 

26 

H 

4940 

4000 

21 

H 

4940 

3500 

28 

H 

4940 

3800 

29 

I 

5920 

5000 

30 

1 

5920 

4400 

31 

I 

5920 

4300 

32 

J 

6900 

6000 

33 

J 

6900 

5700 

34 

K 

7880 

7000- 

35 

K 

7800 

:4 

L 

7890 

6800 

16 

L 

L 

7890 

7890 

17 

L 

7690 

6300 

Known  Teat 

Kitagawa 

Tu.ie  reading 

Concentration 

Tube  No. 

ppm 

Carbon 

Dioxide  ^3 

2,500 

126A-B 

^,500 

5,000 

126A-D 

p,00C 

10,000 

126A-B 

10,000 

500 

126b 

500 

The  Kitagawa  tube  read  according  to  the  manufacturer's  calibra¬ 
tion  at  2,500  ppm,  5,000  ppm  and  10,000  ppm. 


A  U 


34. 


UNITED  STATES  TESTING  COMPANY,  INC. 


I  0 

Carbon  Dioxide 


D.  Discussion 


1.  fllie  stain  presented  by  the  detector  tubes  after  ex- 
posure  was  quite  easy  to  read.  As  the  test  concentra¬ 
tions  was  Increased  the  pink  stain  became  lighter  In 
color  presenting  a  marked  difference  between  the  stain 
and  unreacted  purple  chemical. 

2.  The  sketch  of  an  exposed  tube  presented  on  the  In¬ 

struction  does  not  accurately  show  the  position  of 
cotton  plug,  end  packing,  and  reactive  chemical.  %l8 
deficiency,  coupled  with  the  description  of  the  metnod 
for  using  the  concentration  chart,  could  confuse  a 
person  using  the  equipment  for  the  firs  (Note: 

This  falling  has  since  been  corrected). 

Temperature  Corrections:  No  temperature  corrections  are 
necessary  when  the  gasses  measured  are  between  0°C  -  49*^C. 

Interfering  gases:  Other  acid  gases  can  Interfere  with 
accurate  measurements,  but  only  at  air  concentrations 
many  times  their  respective  MAC'S, 

(Reference  -  Kitagawa  Instruction  Sheet) 
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Nitrogen  Dioxide 


12 

MSA  Nitrogen  Dioxide -In-Alr  detector  Is  accurate  to 
£  15-2056  of  the  scale  reading. 


Interfering  gases  -  When  5  ppm  of  chlorine  are  Introduced 
into  a  tuce,  there  is  no  effect  noticeable,  A  mixture  of 
5  ppm  of  NOg  and  1  ppm  of  chlorine  give  an  Indicstlon  of 
5  ppm.  A  mixture  of  5  Ppm  nitrogen  dioxide  and  2-1/2  ppm 
chlorine  Indicates  4  ppm.  This  indicates  that  as  the 
chlorine  concentration  increases  above  the  threshold  1^'lt 
value,  there  is  a  tendency  to  reduce  a  nil;  .ger  dioxide 
indication. 

Methane,  carbon  dioxide,  carbon  monoxide,  aldehydes  and 
hydrogen  cyanide  will  have  no  effect  on  these  tubes.  Hydrogen 
chloride  and  phosgene,  in  general,  will  have  no  effect  up  to 
their  threshold  limit  values. 


Known  Test  .1  s  A 

Concentration  llttoe  Reading 


Nitrogen  Dloxlde^^  1  1 

5  4 

10  10 


The  MSA  tube  for  nitrogen  dioxide  gave  results  of  ffom  3  to 
5  ppm  (avg.  4  ppm.  At  10  ppm  (2  MAC)  the  stain  read  9  to 
12  ppm. 

The  color  change  using  this  tube  was  blue  at  the  inlet  end  of 
the  tube  and  a  brown  at  the  end  of  the  stain.  The  total  stain 
was  used  in  reading  the  concentration. 

This  was  by  far  the  best  tube  for  NOg  tested. 
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Hydrogen  Cyanide^  Combuatlbles  and  Oxygen 


Hydrogen  Cyanide 

Ihe  MSA  Hydrocyanic  gaa  detector^®  Is  accurate  to  £  15-205i 
of  the  scale  reading. 

Interfering  gases  -  Vfhen  these  tubes  are  subjected  to  a 
mljtture  of  from  0-50  ppm  ammonia  mixed  with  10  ppm  hydrogen 
cyanide,  there  Is  no  effect  indicated  on  the  Indication  o^ 
10  ppm  hydrogen  cyanide.  A  varying  mixture  of  from  0-10 
ppm  chlorine  and  0-10  ppm  hydrogen  cyanide,  there  is  ho 
effect  on  the  accurate  indication  of  hydrogen  cyanide. 

Methane,  carbon  dioxide,  carbon  monoxide,,  aldv’;hydeB  and 
the  oxides  of  nitrogen,  will  have  no  effect  on  these  tubes. 
Hydrogen  chloride  and  phosgene,  in  general,  will  have  no 
effect  up  to  their  threshold  limit  values. 


Combustibles  as  Natural  Qas 

IJilB  determination  is  accurate  to  £  10  per  cent  of  the  scale 
reading.  (Reference  -  Instruction  manual). 


Oxygen 

mis  determination  is  accurate  to  £  l/2jt  O2.  (Reference 
instruction  manual). 


It  should  be  noted  that  If  the  concentration  of  a  given 'gas 
1e  greater  than  the  upper  calibration  llm5.t  of  its  detector 
tube,  the  accuracy  of  the  determiriatlon  will  be  reduced. 
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PROCEDURE  FOR  DETERMINATION  OP 
"PLASH -IGNITION”  TEMPERATURES' 


"Plaah-ignitlor”  ten^jeratunes  are  determined  by  the  method  of 
Gale,  Stewart,  and  Alfers^  The  equilibrium  termperature  of 
the  heating  ooll  Is  deterir,lned  and  recorded.  The  conventional 
.L/2x1/2  X  5"lnch  spelclmen  Is  heated  in  the  coll  of  the  flam¬ 
mability  test  apparatus  (with  spark  igniters  operating}  until 
ignition  occurs.  During  this  determination  the  door  of  the 
teat  chamber  is  shut  tl.ght.  A  28  gauge  chrome! -alumel  thermo¬ 
couple  Junction  la  firmly  affixed  In  a  notch  that  has  been 
cut  in  the  plastic  so  that  the  junction  is  flush  with  the 
edge  of  the  specimen.  The  same  or  similar  type  thermocouple 
that  is  used  to  measure  the  equilibrium  temperature  of  the 
coll  may  be  used  for  this  purpose.  The  notch  should  be  ".ade 
on  the  far  edge  of  the  plastic  (the  edge^  ..  is  in  back  of 
the  edge  fac.'.ng  the  front  window  of  the  chamber.)  Tr.e  notch 
Should  be  made  2-1/2  Inches  from  the  upper  en'^  of  the  plastic 
atrip  and  extend  across  the  entire  face  of  the  plastic.  A 
notch  slightly  larger  than  1  mm  wide  x  1  mm  deep  and  a  thermo¬ 
couple  that  will  fit  snugly  in  a  notch  of  this  has 

proved  satisfacto^.  When  the  thermodouple  is  properly 
positioned  it  will  remain  in  the  notch  ore  place  there, 
and  be  located  at  about  the  middle  of  the  hs^.t3.;.g  coil.  A 
set  of  thermocouple  leads  leave  the  chamber  through  a  small 
hole  at  the  top  drilled  for  this  purpose. 

In  the  05 se  of  those  ploatlcs  that  have  2  laminated  sides, 
the  Icml, Dated  sides  sliouiC  face  the  spark  igniters,  and  the 
plastic  should  be  notched  on  one  of  its  remaining  faces.  .'The 
rise  in  temperature  of  the  plastic  as  It  Is  heated  is  tracked 
w.'.th  a  suitable  (G-30  or  greater  mv)  potentiometer.  The  last 
temperature  recorded  before  ignition  occurs  is  reported  as  the 
flash  ignition  temperature  of  that  plastic..  The  time  of  heat¬ 
ing  with  the  55-ampere  current  until  ignition  occurs  ms.y  also 
be  recorded.  The  usual  50  second  preheating  and  100  Second 
cooling  periods  are  omitted.  The  determination  la  conducted 
by  throwing  the  main  switch,,  the  heater  transformer  switch, 
the  manual  heater  switc.h  and  the  manual  spark  switch  to 
their  "on"  positions. 
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PROCEDURE  FOR  DETERMDIATION  OP 
''SEU-  XONITION'^  TEMPERATORSS 


Self-lglntlon”  temperatures  are  determine  by  a  modification 
of  the  method  of  Scott,,  Jones  and  Soattii/  In  which  powdered 
pieces  of  the  material  are  dropped  into  a  ataiiilesa  steel 
cup  surrounded  by  a  stainless  steei  core  which  slta  5.n  a 
high  temperature  furnace,  (apx,  pp,  10.,  ll).  The  stainless 
steel  core  prevents  sadden  changes  of  temperature  within  the 
cup  from  occurring.  The  stainless  eceel  core  is  hollow  for 
2-1/4  inches  to  permit  the  entrance  of  the  cup.  At  the 
bottom  of  the  hollow  6.ttn  a  chromel-aiumel  thermocouple 
Junction, 

Small  amounta  of  the  powder'id  piastic  to  be  ■jreii  are 
sprinkled  into  the  orifice  o:'  cue  cup.  The  proper  amount 
oi  powdered  plastic  to  be  used  can  be  decided  upon  after 
the  operator  has  gained  some  experience  with  tne  apparatus. 

The  amount  should  be  dufflclent  for  sparking  tt  be  seen 
should  It  occur.,  though  not  so  much  as  to  cover  the  bottom 
of  the  cup  with  any  iiore  than  a  thin  film,  A  few  seconds 
after  the  powder  i.:  iraroduce-j  and  smoke  begins  to  come 
through  the  orifice  of  the  cup.,  comnr-ef.ee'^  1.1-  v’dif  t'  40  p.s.l. 
pressure  la  clown  straight  down  into  the  mouth  of  the  cup 
while  the  bottom  of  the  cup  is  watched  to  see  if  aparKlng 
will  occur.  The  bottom  of  the  cjp  will  reaemble  the  glowing 
end  of  a  clgarecte  w.ner  sparking  occurs..  The  compressed  air 
Is  blown  In  for  at  least  30  se.ronds  to  aeternnlne  If  sparking 
occurs  at  a  given  temperature.  After  several  such  determina¬ 
tions  have  been  performed  the  cup  should  be  removed  with  tongs 
anl  Inverted  to  remove  the  charred  powder.  The  cup  should  be 
allowed  to  reach  equ.l librium  before  another-  determinatlor;  is 
attempted.  (  mnute  .should  be  f^ufl  ic'ent .  The  seif-.lgnltlon 
temperature  Is  the  .Lowest  temperature  at  w^i.t-^h  the  powdered 
form  of  the  mater' ai  will 

It  seems  that  the  best  plan  of  attack  is  to  sub.Ject  the  plastics 
first  to  high  cemperatjres  w.^ere  they  wj.:  ;  .ign.ite,  and  l'.:t  low¬ 
er  the  temperature  arl  see  how  'ow  you  car  gc  before  the  D.ia3t.lc 
stops  Igniting. 

The  operator  would  be  well  advrised  to  wear  ear-plugs  during 
this  determination,  as  the  pressurize l  air  running  Into  me 
tiny  cup  makes  quite  a  racket.  Care  must  be  exercised  *  • 
directing  the  pressurized  air  8tra.lght  down  into  tr.e  cut. 

If  the  air  la  applied  at  an  angle  it  may  c.duae  the  cup  •  i 
Jump  up  and  out  of  the  core. 
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MAINTENANCE  AND  CARE  OP  EQU.l.PMENT 


To  insure  consistent  and  accurate  results  all  the  analytical 
equipment  should  be  checked  before  each  series  of  determina¬ 
tions.  All  the  apparatus  should  be  functioning  properly  be¬ 
fore  a  gas  dsteraination  is  attempted. 

The  sample  volume  and  its  rate  of  flow  through  the  detector 
tube  should  be  checked  to  conform  to  the  manufacturer's 
specification.  To  adjust  the  MSA  pumps^  the  black  rubber 
band  (in  which  the  bottom  part  of  the  detector  tube  is 
usual'iy  placed)  must  be  removed  to  adjust  the  flow  control 
valve. 

"The  Kitagawa  pump  needs  to  be  tatten  apart  perl^'dlcally  to 
be  cleaned  and  relubricated. 

The  batteries  and  the  calcium  carbonate  of  the  vapotester 
frequently  need  to  be  replaced.  The  vapotester  chould  be 
recalibrated  when  needed  using  the  Natural  Gas  Test  Kit 
(code  11-435)  provided  for  this  purpose. 

The  oxygen  indicator  electrolyte  should  he  replaced  after 
two  months  of  use.  It  may  ne  necessary  to  replace  the 
carbon  electrode  and  clear  the  zlr.r.  electrade  when  the 
electrolyte  Is  changed.  The  dry  cells  need  to  be  replaced 
periodically. 

The  highly  reactive  gases  evolved  from  the  burning  and  de¬ 
composing  synthetics  make  frequent  lubrication  of  all  mov^ 
tng  parts  a  necessity. 


The  chamber  circulating  fan  wll-.  become  fouled  by  soot  If 
it  is  not  continually  cleared  and  lub.r:  catel. 
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REGARDING  THE  MEASUREMENT  OF  THE 
TEMPERATURE  OF  THE  HEATING  COIL 


The- teniae rature  of  the  coll  h&3  been  and  Is  presently  being 
measured  by  placing  the  thermcjunctlon  of  a  28  gauge  chromel- 
alumel  thermocouple  on  the  inner  face  of  the  middle  turn  of 
the  heating  element.  This  is  In  effect^  placing  the  thermo- 
Junotlon  within  an  A.C,  induction  field.  Because  the  thermo- 
junction  sits  within  an  Induction  fields  an  indetemlhate 
error  is  incurred  when  measuring  the  coil  temperature.  Uils 
error  may  be  as  ^reat  as  100  Centigrade  degrees. .  However, 
the  error  should  be  constant  so  that  aubaequent  determina¬ 
tions  performed  In  the  same  fashion  should  agree. 

The  door  of  the  chamber  must  remain  open  wnsn  the  tengjerature 
reading  is  being  made.  This  subjectsi  the  coil  to  any  drafts 
present  in  the  room  and  causes  temperature  reading  verlatlohs 
of  up  to  20  or  more  Centigrade  degrees. 

TOie  28  gauge  thermocouple  .wire  Is  not  of  sufficient  diameter 
to  stand  the  tenqperature  of  the  coll  .and  the  tension  placed 
on  it  for  more  than  a  few  coll  teirperetUie  ■'ev.rnanations. 

After  a  few  determinations  tne  thermocouple  wires  usually 
become  brittle  and  snap.  For  this  reason' it  seems  desirable 
to  investigate  subatltute  coil  temperature  measurement  methods. 

» 

There  is  no  way  at  present  to  accurately  measure  the  tempera¬ 
ture  within  an  A.C.  induction  coll.  The  use  of  a  bi-flle 
would  element  has  been  suggested  to  reduce  the  effects  of 
the  induction  coll.  It  has  also  baensuggested  that  the 
temperature  of  the  outer  portion,  of  the  coll  be  determined 
instead,  so  that  the  error  caused  by  induction  can  be  avoid¬ 
ed,  and  so  that  the  chamber  door  car.  be  closed  to  prevent 
the  variation  In  tenperature  raadiags  due  to  room  drafts. 

This  determination  would  be  perf  oi'nied  by  using  a  thermo¬ 
couple  encased  in  an  alumina  protection  tube  of  such  diameter 
that  the  edge. of  the  tube  ran  b?  pJ.aced  between  two  of  wic 
colls  of  the  heating  wire  and  wi.i..l  remain  there  unaided. 

'Ihe  door  of  the  chamber  can  t.her.  be  closed  whl'e  the  tem¬ 
perature  reading  is  taken,  Tlie  potentiometer  leads  can 
exit  from  a  hole  In  the  top  of  the  chamber. 

It  has  also  been  suggested  that  If  the  coll  temperature  de¬ 
terminations  continue  to  be  perfonred  in  the  same  iijanusr 
that  they  are  now  being  performed,  it  may  be  best  to  li.'b- 
Btitutea  24  gauge  platinum-rhodium  thermccounle,  with 
c(Hiq;>en8atlng  lead  wires  for  the  chrorucl-alume:.  thermocouple. 
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Platinum-Rhodium  la  less  brittle  than  chromel-alumelj  and  the 
slightly  wider  wires  should  last  longer  under  the  heat  they 
will  be  subjected  to. 

It  Is  probably  not  advisable  to  substitute  lower  gauge  (20-18} 
chromel-alumel  wires^  as  they  will  act  as  heat  sinks,  giving 
Inaccurate  coll  tessera ture  measurements. 

It  seems  deeirable  to  modify  the  mcthccl  o‘  coil  temperature 
measurement.  The  above  considerations  should  oe  taken  Into 
account. 
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h — .^S  0,0. 


SAoot^m  Mt/, 


Tht  core  and  eup  are  both 
Bade  of  a  etalnleae  eteel  with 
a  melting  point  in  exeeaa  of 
lOOO^C.  The  have  of  the  cup 
sits  on  the  that aoeouple 
unction  as  depicted  in  the 
iagraa. 

The  core  and  cup  are 
placed  within  a  Fisher  Hicro> 
Combustion  Furnace  (110  V, 
50>60  cycles  A.C.)  (Model 
20-2S6  or  equivalent)*  (See 
appendix  p  10). 

T!*'  rate  of  t-  xpersture 
rls .  of  uhe  cup  is  control¬ 
led  by  a  variable  power st at 
in  the  furnace.  Nlchroae 
heating  colls  (Fisher  Re¬ 
placement  Part  #20-2S7)  are 
the  heatirig  elesMnts. 

The  thermocouple  wires 
tiuit  are  used  are  insulated 
by  an  inorganic  salt  and 
are  sheathed  in  stainless 
stsel .  The  thermocouple 
wires  shown  in  the  picture 
on  appendix  p  10  were  for- 
aerlv  used  and  found  to  bo 
unsuitable.  The  insulation 
on  these  wires  frequently 
became  abraded  causing  the 
wires  to  come  in  contact 
with  the  core.  This  was 
remedied  bv  substituting 
thmrmooouple  wire  insulat¬ 
ed  and  sheathed  in  stain¬ 
less  steel. 
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Figur#  1  -  Dtvia  Vapoteeter,  Modal  M-1,  Type  A,  with  styrene  Test  bottle  Attached  tor  Calibration 

Check. 


Uses 

Two  typea  of  this  Inatrument  are  available.  Type  A  ie  desiei:ed  co  read  zero  gaa  or  vapor  to 
the  lower  explosive  limit  (L.E.L. )  It  car.  be  used  for  mlseellarcoua  combustible  gasaa  and  vapors  as 
well  as  for  detecting  hazardous  gas  or  vapor-air  atoospheres.  "ype  A  is  not  for  use  where  vapors  of 
leaded  gasoline  may  be  encountered.  Type  L  Is  similar  to  Type  A  except  that  the  fonwr  can  be  ussd 
in  the  presence  of  leaded  gasoline  vapors. 

These  instruments  are  used  in  general  industrial  hygiene  surveys  and  safety  Inapectlone  to 
detemlne  the  presence  or  absence  of  eonbustlble  gas  or  vapor  in  confined  spaces,  storage  areas,  work 
■paces,  etc. 

The  Modal  H-6  Vapotester  is  sirilar  to  Model  K-1  described  on  this  page  except  that  In  add^ 
lion  to  the  1:1  range,  a  10:1  range  switch  is  provided  which  Inereasec  the  sensitivity.  The  satar 
scale  readlnga,  when  interpolated  with  conversion  curves  of  a  particular  ghs  or  vapor,  will  give 
suits  in  parts  per  million. 

In  addition  to  portable  Instruments  such  as  the  M-1  and  M-6  Vapotesters,  the  Davis  Bsargsney 
Edulpsent  Cenpany,  Inc.  also  manufactures  eonbustlble  gas  alarm  systons  which  operate  on  a  continuous 
basis,  utilising  a  basic  circuit  similar  to  the  portsbic  units,  relay  lyatiua  for  the  sounding 
of  slitnals  and  alarms.  As  a  fsw  examples,  such  alarm  systoas  may  be  used  in  eonjunetion  with(  sdl^ 
vent  recovery  systems,  solvent  evppori.tlng  ovens,  combustible  gas  stor.age  areas,  storage  vaults, 
rooeu  and  tunnals,  gas  generating  plants,  refineries,  and  engine  test  eellr. 

The  oost  of  such  Installations  varies  with  size.  Spaciriu  pi‘iec:.  ar-.  o^’aHable  on  request. 

QnirttAni  Pringini* 

The  msasursment  of  ooabustlble  gssss  and  vapors  by  the  use  of  porheV  .-.  and  eor.tlnuoua  Inll- 
eatore  la  baaed  on  the  prinoipla  of  catalytic  combuetlon  of  thssn  vapors. 

A  mixture  of  gases,  such  ss  propans  and  air  mav  be  elti..  p  flasisabla  or  not,  according  to  tha 
coiMontration  of  propane  in  air.  The  explosive  range  includes  all  concentratiena  of  a  mixture  of 
flatmeble  vapor  or  gas  In  air  (usually  axpresssd  in  parcant  by  voluma)  in  which  a  flash  will  ooour 


Figure  2  »  Davis  Vapotester,  Model  Ma6> 

or  t  n.ap«  'rUl  travel  If  the  mlicture  is  ignited.  The  lowest  percentage  at  which  this  occurs  Is  the 
L.£.L>|  and  the  highest  percentage  ie  the  upper  ejqHoeive  lijnit  (U.E.L.)  If  such  a  oticture  is  oon- 
flnad  and  ignltsd,  an  eaploeion  results.  The  L.E.L.  of  propane  in  air  is  2.3  percent  and  the  U.E.L. 
is  7.3  percent.  Mixtures  above  7.3  percent  are  too  rich  to  support  ccabustlon,  and  those  less  than 
2.3  percent  are  too  lean.  Since  air  is  the  diluent  and  is  readiljr  obtainable,  all  concentrations 
Hi;  j  2.3  percent  are  dangerous;  therefore,  the  portable  indicator  it  usually  eallbratad  froa  0  to 
the  lower  explosive  llnlt  of  soae  specific  gas  or  vapor.  The  L.E.L.  is  considered  100  percent  and 
points  below  this  level  are  conaidered  as  percent  of  the  L.E.L. 

Many  ecsBon  flatanable  liquids  and  gaeee  have  very  wide  explosive  ring  .  Tuat  of  carbon 
disulfide  is  1  percent  to  50  percent,  and  hydrogen  4.1  percent  to  74.2  percent,  which  shows  that  only 
very  lean  or  unusually  rich  mixtures  of  these  materials  in  air  arc  free  flu.  an  explosion  hasard. 

Wien  s  eODbustlble  gas  or  vapor  is  passed  over  a  catalytic  fllaasnt,  it  burns.  The  ***'*-- 
sent  is  usually  a  ;D.atlnum  wire,  0.003  to  C,C1><  inch  in  diameter,  heated  to  a  rad  ^ow. 

The  tesiparature  of  the  filament  is  oxtreruely  Impoi  tant  in  ths  correct-  s  of  t.he  gns 

or  vapor.  It  is  absolutely  neceeeary  that  the  filament  be  catalytic  to  cause  this  cb.'..^u  itlon  of 
rnnss  or  vapors. 

blr.ee  the  ooncentretion  of  coobustiblee  nay  be  above  the  L.E.L.,  It  ie  necev  .ry  that  the 
fllsaent  ehaiker  be  protected  by  adequate  flashback  arresters  that  will  prevent  tha  ..rs^jHgation  of 
flame  to  the  point  of  origin  of  the  eemple.  These  fl«ne  arresters  operat'.*  on  the  ■prln .  Ip^e  of  the 
flame  fal'ety  li^. 

Two  identical  filaments  arc  used  in  the  bridge  circuit.  One  of  'thece  fUmwts,  known  as 
the  "reference  fllmsent,"  is  sealed  in  air  in  a  separate  well  of  the  emse  chsalber  as  ths  "actlvs" 
or  sxpossd  fllMMnt.  Two  flxsd  resistors  are  uced  as  the  other  legs  of  ths  bridgs,  eonnsetsd  t»- 
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FlH«r«  5  -  Typical  Calibration  Curvea  for  Ccvaon  figure  6  -  Typical  Cilibre'  ■.■■a  ■' 
Gaaaa  ant  Vapcra.  |l_6  Vapotaatar. 


v=  lor  Nodal 


gatbar  by  a  variable  raalator.  Tha  bridge  la  balanced  vith  bath  the  filaaanta  in  a  -  by  adjuatliif 
the  variabla  raaltter  or  laro  control,  until  tha  galvannatar  or  muttr  raada 

Tha  baaio  oiroult  for  Modal  IM  la  ahoan  in  Flgura  3  and  for  N-<  in  f''  ^a  i,* 


ifai^  -  bTl/a  poundai  length  -  3  lA  inohaa;  width  -  4  1/2  Inohaat  height  -  7  1/2  Inehaa. 
The  oonponanta  ara  houaad  In  a  welded  ataal  eaaa  flnlahad  in  gray  hannrtona- 
power  la  auppliad  by  6  naahUght  type  >9"  ealla  oontalned  In  tha  Inatruaant,  Battery  Ufa 
la  app^odiaataly  4  hour  a,  oontlnuoua  duty>  An  aaplrator  bulb  fumlahaa  tha  auotloii  neeaaaaiT  tor 


MBipUngi 


for  whloh  tho  Inotnnent  li  uaod  (111  r*ng*;<  Calibration  ourrat  ara  araUabla  tor  a  nuBbar  of  etho 
gataa  and  aSlvanta  not  ahoxn*  Ttia  uaar  can  oallbrata  tha  Inatnawnt  fra:  argr  eaabuatibla  (aa  or  vapor. 

Tha  Davla  Vapotaatara  hava  an  aoeuraoy  of  ±  10  paroant  of  tha  aoala  raarting. 

Modal  rigura  6  riiowa  a  tfp&oal  eallbratlon  eurva  of  aater  raadlnga  of  tha  N~6  Vapo- 

taatar  varaua  oonoantratlon  of  ocbm  of  tha  >ora  o<Bion  adlvanta. 

Ihia  Inatrwant  oan  ba  uaal  to  datanalna  tha  oenoentration  of  anr  ooribuatlbla  gaa  or  vapor 
if  a  oalihration  eurva  la  praparad  for  tha  partloular  lubatanoo  under  taut.  Hoaavar,  thla  InatruF. 
Mtit  li  not  to  ba  uaad  aa  a  proelaa  ataaaurlng  Inatruaint  but  rathar  aa  a  gulda  and  haipful  tool  In 
i^ldtMljaatlng  erartaln  v^or-alr  raadlnga  In  tha  porta  par  atUlon  range. 


22iCSl 

Davla  InatruMnta,  Dlvlalon  of  Davla  ^arimey  Bauifraant  Ccopaipr,  Ino.,  U7  Hallaok  Straot, 
Haaark  It,  H.  J.  Friaaa  ariilablr  freo  aanufaoturar  upon  raquoat. 


®““““asas^  u, 

l7^ Ihrm  rl^t  hand  (On  tad  Off)  witch  to  "OB." 

2.  Throw  loft  hand  (Road  and  Tolt)  auitoh  to  "VOIT.'' 

3.  Adjuat  aaadlo  to  gnm  irroir  with  "TtXA  AfiJ**  knob. 

4.  Throw  loft  hand  (Road  and  Volt)  aHltah  to  ^aad.* 

5.  Squoaaobulb  aovaral  tlwaa. 

4.  Lift  "ZBfi  ADJ*  knob  and  adjuat  naadla  to  tore. 

7.  Preaaad  with  taata. 

wwteHt^i  In  Om  fraa  Air 

1.  Throw  Ranga  Swltah  to  "VOLT"  Maltlon.  (With  tha  r^tah  in  thla  roaitlon,  tha  natar  ia 
traaataavad  late  a  vaitaatar.) 

3.  Threw  wcfV>0ir'  Baitah  to  "CR."  (Thla  oleaaa  tha  awitah  and  allcaa  ourraRt  to  flew  froa 
tha  bottariaa  threu^  tha  brldfo  airauit.) 

3.  Sat  oatar  potutar  to  tfoao  arrow  with  "TCLT  AOJ"  knob.  (Ihia  Inc^irts  that  tha  aorrMt 
voltaga  ia  balni  ami^ad  to  tha  brldfe  airauit,  to  naka  oartaln  of  eerraot  fllaraant 
taoparatura.  If  tha  natar  pedntar  aaotot  ba  brouiht  to  tha  groan  arrow,  tha  battarioa 
ahodU  bo  raplaaad. ) 

4.  Throw  ranga  awitah  to  1  -  1  poaltlon.  (la  thlo  poaitlon  tha  Indlsatlai  aatar  la  aocoaa 
tha  brldga  In  tha  ■caata'lng  poaitlon. ) 

5.  Squaaoa  bulb  aovaral  tiaaa  (to  Inaura  oonplota  purgli^  of  tha  analpalng  eaU.  froa  anp 
raaldua  of  va  or  vapora  whluh  aijht  ba  jraeant.) 

6.  lift  "ZBO  ADJ*  knob  and  adjuat  pointar  to  aare.  (Thla  balanooa  tha  brldga  olroult  to 
Bare  la  praparatlan  to  taking  aetual  gaa  or  vapor  oamaDtratloB  raadlnga.)  Tbla  ad> 
Juataant  la  aeat  aaaUp  aada  bp  nevlng  tha  loMba  aa  that  tha  naadla  geaa  borend  aorr 
and  than  baak  to  aare  on  tha  aatla.  Tha  knob  aontrola  dual  ra«iatorai>>a  aearaa  and  a 
turn  adjuatnaat. 

7.  rroaaad  with  taata.  Inaart  awpl  lng  Una  or  probe  Into  area  to  bo  taotod,  and  bp  naana 
of  aapdrator  bulb,  draw  aaavla  late  anaJyaar.  Bovaral  da|raat1iait  of  tha  aapArator 
bulb  idU  bo  Moaooaqr  to  Inaura  eorraot  raadlng,  tha  aanet  nabar  dtpandlng  upaai  tha 
langth  of  lanpHni  linoa  uaad.  In  gMaral,  two  to  thraa  dayaaaiiuia  ef  tha  bulb  ira 
naaaaaary  far  aaA  foot  of  aaaRlAi^  hooo. 

If  aotar  polntar  dooa  not  rtaa  ibovo  0.1  on  aaalo,  obook  voltage  and  adjuat  If  aaaaa 
aarp,  than  throw  rai«o  awitah  to  10  -  1  peoition  and  rapaat  Inatmatlaoa  5,  6,  and  7. 
CAtMoii  Alwapa  taka  flrat  gM  raartl;^  ultb  roaga  aaltah  In  1  •  1  po^tJan.  AlMpa 
uaa  drplng  ahwbar  whan  parglng  and  aai^iUng  an  10  ••  1  aoala.  PariadlaaUp  ehaek  volt- 
ago  and  odjuat  whan  naaaaaarp  to  oanpaaiaata  for  the  voltage  drop  of  the  botta..^. 

par  aoeorata  IntatproUtlon  of  roodingo  on  opaolflt  gaaoa  or  vapora  eonault  aonvaralon 
ovB'voa  for  that  gaa  or  vapor. 

Sanplo  ohould  aluopo  ba  drawn  throng  ladlaotaa  lawnaa  feroad  throu^  \adar  praaaura. 

It  la  doolrabla  to  pivgo  tha  Inatiaaont  after  a  taat  If  a  aaiRla  fren  anothar  looatlon  la 
to  bo  taken  iMadlatalp.  thla  wUl  aloe  ahoak  aare  adjuaf  ant 

It  la  alwapa  wall  to  pwga  tha  Indlaatar  avan  if  anotinr  aa^la  la  not  to  be  -  right 
wop,  aa  thla  rwnvia  anp  poadhla  aarrealva  gaaaa  fraw  tha  aEMaiatliai  nhwiiar 

Per  artillttahil  nparitlng  Inatruatlana,  intaoprotoitleiw  ef  raadlnga,  and  frae«it<-.'-a  to  be 
ebaorvad,  tea  tha  apamtlan  laatnatlan  nanual  wgpllid  with  aoah  laatwant. 


A  Tapetoatar  la  aalUrotad  on  haataap  baaauaa  mu.  thla  oallbrotian  woot 
of  the  owBHn  gaaoa  and  vapora  fall  to  the  laft  er  anfa  alda  of  tho  hwatio  eurva,  that  la,  aladwraa 
ef  othar  gaaoa  idU  rood  thw  thadr  aatoal  aanaantratlon.  far  aallbratlan  of  Um  T^otootoro 


B 


Twn|wr«tur«  ratw*nk«it 


•‘Uevu  u  '7  ..  lypioal  Styrsnn  Test  Curvs  for  Model  M-1,  Types  A  4  L  and  Model  H-6  Vapotoater,  (See 

Calibration  Instructions. ) 

i'^.r  ^aaua  or  vapors  the  procedures  used  con  be  found  in  the  Instruraont  manual. 

f  'jlyreno  test  bottle  wee  developed  to  permit  field  checks  on  calibration  and  operation  of 
.  .  I!  J  and  M-6.  The  apparatus  used  is  shown  in  Figure  1  and  the  procedure  is  as  follows. 

l  our  enough  of  the  olyreno  fran  the  2  ounce  stock  bottle  so  that  by  revolving  the  toct  bot¬ 
tle  th.  sides  are  ccropletuly  wot  witli  the  llouid,  and  a  slight  nr.iount  of  excess  atyrens  is 
lU'osent  at  the  botten  of  the  bottle. 

Adjust  Vupoteslers  as  per  instructions  on  cover  of  the  instrument. 

Hoke  sure  that  the  Instrument  Is  at  the  same  tanperalure  or  higher  than  the  tempeiuature  oj 
the  Lest  bottle,  to  insure  that  the  vapors  do  not  condense  In  the  tube  line. 

Attach  hose  fitting  of  test  bottle  to  Vapotosters,  and  make  sure  that  connection  is  tight 
(.■.;'.•e  Fi,Oiro  l). 

AspliMto  buj.b  on  Instrument  until  maximum  deflection  is  obtained — (at  least  15  squeezes  of 
buJb  oi  e  renuirof  to  establish  OQuilibrium). 

Note  I  (.jnporaturo  on  test  bottle  thermometer,  and  tv  means  of  proper  curve,  determine  correct 
nu.idjii)'  of  Ijistrumot.t  for  th.it  temperature.  Ch,  ck  expected  readirg  with  actual  rending. 

•Ij;  v:i.-.;r.-ic;.-  of  witliin  i  U)  percunt  is  to  be  expected  Figure  i,. 

\  m-i-.ition  on  Davis  Vapotcoture  as  uatermined  by  the  filament.  If  th-i  instrument  does  not 
curve  by  ;v  10  percent,  the  filament  should  bo  replacud,  and  If  this  fsITu  tr  corrurt  the 
lifer  to  Instruction  book,  or  return  instrument  to  the  Newark  office  for  rep. Jr. 
it  is  advisable  to  store  test  bottle  and  styrene  stock  bottle  in  a  dark  locg.  '.on,  out  of 
M  "  ight'  Tills  will  prevent  decomposition  of  the  atyrsiie,  which  car.  be  dotoctoc.  v  i  the  color  of 
.i'jrcno  changes  from  light  straw  yoUorw  to  brown.  In  this  case  ths  bottle  she...’ J  be  elear.od  out 
eoharge.1  with  fresh  styrone.  It  is  recociasnded  that  the  styrene  be  kept  ir.  a  br  m  bottle. 

As  ion.v  as  liquid  styrene  is  presert  in  the  botMe.  it  can  he  udxl  for  a  tea,.  Thu",  one 
■r  I.r.;r  .jf  styrone  will  last  Indefinitely,  if  not  axposod  to  light 
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If  n««dl«  oannot  b«  Mljuattd  to  pom  arrotr  with  '’OH-On*  ndtoh  in  "ON**  potltlon  ord 
"VOLTWIEAD"  Mfltoh  iit  volt  poiltlon— o)  Bad  battorlooi  b}  On-Off  saltoh  opon;  c)  Volt- 
raid  awltoh  opant  d)  Varlabla  railator  aountad  undar  eantar  panal  auqr  be  oponi  o) 

Open  vlro  or  oonnaatlont  f)  Volt  Adj.  Potantlenatar  «agr  ba  o^. 

2.  If  Inatnoiant  worka  on  volt  poaltlon  of  "VolUtaad"  ndteht  but  naodla  oannot  bo  ad¬ 
justed  to  laro  with  "Volt-Aaid’*  ewlteh  In  "Road"  poaltlon— >a}  FUaoents  badt  b)  Zero 
idj>  rhaoatat  opant  e)  PdlMunt  jaok  not  aaklng  proper  eentaott  d)  Open  20  ohn  roili^ 
tora  (tubular  1/2  vatt  raalatora}!  o)  Qpon  wlra  oonnootlon. 

3i  If  aator  naadlo  foea  to  rlfht  and  of  aeala  and  raaalna  tharop— a)  Aotlva  fUamant  la 
burned  out* 

I,.  If  mater  naadlo  goaa  below  aare  and  ramalna  thir»-«}  The  raferanee  fUanont  la  bun>< 
ad  out. 

Inatitaant  worklnt  but  or.  aaplratlnf  laa,  no  ehanie  notad— a)  Tubing  to  and  froa  ohaa- 
bar  aloggadt  b)  Inlat  eotten  filter  aloggod  and  riteuld  ba  ehangadi  o)  Flaahbaak  arraat- 
ari  ologgadi  d)  Aapirator  bulb  dafaatlrat  a)  Mlaiant  (analgralng)  Inoperatlva. 

it  Inatrumant  fluatuataa  and  vorka  poerljr  at.  aapdratlng  In  gaa  a)  Leak  in  hoio  or  ooi>. 
naotlonit  b)  Look  In  Inatrumant)  e)  Vllmnti  bad)  d)  Loom  oonnootlon 

Modal  k-6i 

1.  Inatrumant  falla  to  work— a)  Battarlaa  low)  b)  "CIMfT*  Mtoh  open)  e)  Ranga  Switoh 
opant  ()pon  Mr  eonnaotlon)  a)  "VOUt  ADJ"  Potantlematar  majr  be  open. 

2.  Inetrument  worke  on  "VOLT"  but  notinlO-lorl-l  poe'tlor:-  (He  eere  >A}‘  ‘‘sent, 
or  needle  goee  to  extrame  laft  nr  right  of  mater.)— a)  ills;  ,'.e  nnen  or  aantamlnatidt 
b)  Zaro  Mjuat  lUioootat  opant  o/  niumant  jaok  not  making  piopa:  sontaot)  d)  Open  wira 
or  oonnantlon. 

3.  Inatrumant  on  "VOLT"  oannat  raaoh  groan  arrow  whan  HOLT  ADJ"  knob  ia  tumad  to  the 
atctTMO  right— a)  Battarlaa  low)  b)  Loom  battarr  aonneetlon. 

it.  Inatrumant  working  but  en  arplratlng  gaa,  no  ohanga  noted— a)  Llnee  sr  eheaber  ologgedt 
b]  Inlat  or  arreiter  ologgedt  a)  Aapirator  bulb  dafaots.v«. 

3.  Inatnaent  fluetuatea  and  wnrkn  poorly  en  aaplrating  In  gam-«)  Laek  in  hoie  or  eon- 
naetlona)  ta)  Leak  In  inatrumant)  a)  Hlamontl  eentmilnattd)  d)  calibration  ehangad. 

6.  On  aaplrating  with  bulb,  Inatrumant  reading  gooa  up  and  stare  up— Pnleonad  ohMbar  or 
llnee. 

Detailed  nalntananee  Inatruotiona  ai^aar  In  the  oparetlon  tnetruetlon  manual  fumlahed  with 
each  Inatrumant. 


-17- 


HTOROCYANIC  ACID  GAS  DETECTOR 


Ugare  1  -  M.S.A.  Hydrocyanic  Acid  Gaa  Detector,  Ccnplcts  with  Case,  12  Sample  Tubs*  and  Rafill 

G.ippliesi 


Uati 

The  HiS,A.  Hydrocyanic  Acid  Oac  Detw.or,  show,  in  Flgt.-o  1,  is  a  sair-eontained,  poeket 
laboratory  for  the  rapid  detection  or  HCN  i',  worHinr  irt.as,  sach  as  plastics  manifactwe,  anl 
where  HCN  funlgantc  are  used. 

OperatiJiK  Principle 

The  M.S.A.  Hydrocyanic  Aci t  Gas  Detector  consists  or’  an  aspirator  bulb,  moveable  scale  and 
detaetor  tubes  which  ars  filled  before  sampling  with  a  miicture  of  copper  sulphate  water,  glyeerine 
gel  and  o-tolidine  sand.  The  sample  is  aspirated  threagh  the  tube  by  means  of  the  aspirator  bulb 
and  the  rate  of  flow  is  controlled  by  a  specially  deaignad  metering  orifice.  The  HCN  reaota  with 
the  cheDlcals  in  the  detector  tube,  producing  a  ataln  which  la  directly  proportional  to  the  oostootw. 
tration  of  HCN  present  in  the  sample.  The  length  of  stain  Is  moaevu-ed  by  ths  moveabla  soale  wnieh 
ia  calibrated  in  ppn  by  volume. 

Fhoraioal  Description 

The  detector  Kit  is  contained  in  a  brown  leather  caee  equiprrd  with  a  shoulder  strap.  Di¬ 
mensions  are  3  by  5  by  9  inches  high  and  it  weighs  2  3A  pounds. 

In  addition  to  the  detector,  the  Kit  contains  a  tube  rack,  mixing  bottle,  manlrel,  oaloi' 
soale,  12  empty  glass  tubes  with  rubber  caps,  two  -/lala  of  the  chaloal  reagant  and  ^ass  eloth 
swatches. 

Pgforaance  Data 

This  instrument  hae  a  range  of  0  to  :>0  pps  HCN. 

Twelve  tubes  can  be  filled  at  one  time  ani  stored  one  week  at  taipera’.i'rjn  of  two  to 

three  woske  at  70*F,  and  two  non  ths  at.  AO*P  without  loss  of  ssneltivlty. 

A  three  inch  probe  needle  is  available  for  t«,  tij.g  the  Intiirior  of  mattresses  aixl  furniture 
upholstery.  Various  Isngths  of  sampl.lng  hose  ars  also  available. 


SoMToe 

Mine  Safety  Applianees  Company,  201  H.  Praddook  Ave.,  Pittsburgh  8,  Penn.  Prloa  availibls 


frca  the  fflanufaeturer  upon  rao'-^it. 


OpT»tiTi*.ll>itr-,wtlwe 
1.  After  re«oTAl  of  ai 


klook. 


MoeeaorieB,  the  partition  blook  aqr  ba  rawvod  to  provldo  •  eonvenient  Norkl.ig 


2.  Rmovo  rubber  eapa  froa  deteotnr  tubeii  plaee  tubee  In  reek  |rovlded> 

3.  Break  eoorad  and  of  aaeh  tube  of  oheaie^  presided  bx  Ineertlng  ln  tube  brookor  hole  ot  end  of 
chart  barrel.  Br«ikan  tlpo  fall  late  barrel  and  mgr  ba  raanwd  parlodleallr  bj  unaorewlac  cap. 
Place  oontanta  of  both  tubea  in  aijdni  bottla,  eloalag  iiith  et^iper  provided.  Mix  thorou|hljr  for 
at  Icaat  five  alnutea.  (Cautioni  Avoid  apllilnt  ohenleal.) 

4.  To  fill  detector  tuboe  with  ohaleal  nLxturot  renovo  ^laaa  ping  frca  otopper,  Inaort  open  and  of 
tube  anuglp  into  hole  in  >itepperi  tilt  bottle  and  pour  eheadoal  to  within  1  lA  bo  2  Inchea  of 


5. 


6. 


7. 


a. 

9. 


top  of  tuba. 

Inao-t  a  glaaa  tape  awatoh  aa  foUeamt  naee  awatoh  on  «id  train  aectlon  of  working  blocks  pick 
<41  with  reared  prcvldari  and  iiwert  (er  hold  tube  la  heriaontal  pealtlan  and  alldo  awatoh  into 
tube)f  taaping  tl|htl]r  againat  ohaadaOl.  Do  not  touch  Matahoo  with  handa.  Cloao  t\^  with  rub~ 
bar  aap  until  raadjr  for  uaa.  (WLdng  botUa  ahould  alwtpo  be  kept  eloaod  bgr  naana  of  fijm*  dug, 
except  when  aatualljr  filling  the  dotoeter  tuba. )  After  dotoetar  tubea  are  fUlad,  dlapoaa  of  aap 
exseaa  chanloal.  Ra|d.aeo  prepared  tubea  In  orlglaal  paakega  until  raadf  far  aweplilng.  Do  not 
Btora  prepared  tubea  la  tnmeraturea  above  100*P. 

tAian  readjr  for  ute,  break  tip  fren  dataator  tiibe  and  laaart  through  guide  hole  at  top  of  frm  and 
then  Into  rubber  Inlet  buah^  at  haad  of  aapdratar  bulb.  Plaat  iprlng  aatuatad  retaining  had 
over  large  and  of  tuba  and  praaa  li^itlp  to  naka  aura  a  mg  fit  la  obtalnni. 

Eject  all  air  free  andrater  bulb  bp  uauaealng  bulb  auddenlp  and  for  'hip.  Rdlnaac,  1.^  locaalp 
and  allow  bulb  to  fill  oaaplctilp  bp  lU'^lf.  Soueeaa  aapdratcr  bul.  «hra«:  tlaae  to  obtain  oon* 
flete  ahaiiocl  reaction  in  detaeter  tdbe. 

Slide  the  ebart  up  or  down  barrel  ao  ti-  >t  aero  (O)  Barker  of  aeale  la  in  line  with  baginning  of 
ataln.  Hold  ecala  In  poaitlon  and  eheok  raadlng  at  other  and  of  etaln. 

To  enipla  fron  rmta  looatien  uae  entenalen  tub#  on  dataator.  aaraw  aenplim  Una  eonnaatlng  In., 
aart  provided  into  retaining  haaa  and  attaoh  rubbnr  tUbdng  (l/».laah  I.B.>  of  fraper  iMgth.  Cm. 
pUng  llnaa  are  tvailabla  aa  an  aurlUarp  aacaaaerp.  Order  Oat.  Ba.  1HJf30i7  fur  ID  foot,  Ok. 
73CU  for  25  foot  and  nw73069  for  50  foot.  Sraak  tip  iron  an  enptp  dataator  tuba  and  plaea  tuba 
in  detaeter'.  Brock  tip  free  filled  detaeter  tuba  and  inaart  tin  and  of  rubber  tubing  to  taka  aa»> 


10.  Stoedlae  for  ean|llng  interior  ataoapharaa  of  natiraiaoa,  piUIem  aloaed  eartone,  uphelatatp,  aia., 
are  available  aa  an  auxUiirp  aaeaaaeiT.  Order  Oat.  No.  nM0492.  To  uaa  anapltig  naadla  on  dp. 
tector,  eeraw  empUni  line  eemeatljii  Inaert  provided  Into  retaining  head  and  attiabed  rubber 
tubing  euppUed  mth  eaegOlng  naadla. 


RcUhreMcp  T.jet..nctlan. 

The  dateew  e< 


ean  be  chaeked  againat  lotem  eenawitratian  of  HCB  In  air. 


1.  It  la  inportant  that 


both  the  flew  oentrel  valve  and  ahaok  vilva  of  aapdratar  bulb  ba  pretaatad 


fron  duat  and  Urailda. 

2.  Thlrtp  aaeonle  (x  3  saeonda}  are  rniulred  to  Inflate  aapdratar  bulb  when  all  air  la  ertiauatad  fiun 
it  with  no  tuba  In  plaea.  Adjuat  flew  aontrel  valvu  earew  with  aerawdrim  to  obtain  thia  flaw 
ratu.  If  proper  flow  eattnpt  ba  ebtolnad  bp  ndjuatnwb,  rwaavo  tbe  oontral  valve  aorew  and  eilaan 
erifiee  with  a  fine  wire  (0.042  Inah).  Baplaaa  aornr  and  adjuat  to  obtain  aorroat  flaw. 

3,  If  elaoning  flow  oooirdl  valve  faila  to  allow  for  tba  prapor  adjuabaent,  abaok  far  leakage  at  tha 

v<  valve  erlfiea  under  rubber  band  bp  Inoartlng  a  uaed  tuba.  HeOdlng  finger  am  open  end  of 
tube,  deflate  aapirator  bidb.  If  bndb  flUa  In  laae  then  ten  ninutaa  rnwra  rubber  bore  end 
eleen  outer  turfooe  of  cheek  valve  ctiflcc.  Repleee  with  new  rubber  band  If  meaning  faila  to 
■oke  vmva  funetlen  proporlp. 
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DRAGSl  OAS  DETECTOl 


U»ai 

Th«  Qrtfar  Gas  Oataetor  ia  « 
portihla  gaa  anal^aar  for  naaaurlng 
traea  oeneantratlona  of  varloua  gaaea 
and  vapori  (Saa  Tabla  1).  A  nuobar  of 
dataotor  tubas  ars  available  for  dlf- 
farant  oontanlnantst  aoraa  of  these  are 
intended  slap  for  teohnloal  gas  analj^' 
sls«  The  apparatus  can  be  supplaBentad 
b;  additional  parts  naicing  it  suitable 
for  tlis  analysis  of  respiratory  gases. 


The  Dragar  Gas  Dataotor  cojw 
alsta  of  a  bellows  type  puap  and  the 
dataotor  tubas  sultabls  for  the  gaa  or 
v^wr  to  ba  measured.  The  Oaa  Dataotor 
Pump  ia  a  alngla  acting  bellows  whloh 
is  oparated  by  one  hand  only  (Ssa  Plg- 
ura  1).  Pigure  2  la  a  drawing  of  the 
bellows  type  pump. 

The  dataotor  tubas  are  filled 
with  oarofuUy  balanoad  ouantltlas  cf 
:'\ar  raagarts  the  Indloation  of  whioh 
is  praotically  spaeifie  for  the  gaa  to 
be  measured.  The  color  rsagants  are 
iaprapiatad  on  oarrylng  agents.  Pl^ 
ura  3  ia  an  anlargad  view  of  the  earbon 
nonoslds  dotaotor  tubs. 

To  perform  the  tost|  the  air 
to  ba  examined  is  passed  through  the 
dataotor  tuba  by  means  of  the  ballows. 
While  this  is  being  dons,  the  number 
of  atrokas  is  counted  and  the  discolor^, 
tlon  of  the  dataotor  tubs  it  observad. 
The  dlsaoloratlon  and  tha  nu^er  of 
strokes  gives  a  dlraot  msasure  of  tha 
gas  or  vapor  oonoentration. 


riiraiaal  Dosoriction  Pigure  2  -  Drawing  of  the  Ballows  IJfpa  Pump. 

ThaaaiipiLata  apparatus,  shown 

in  Pigure  4,  consiste  ofi  tha  Gas  Dataotor  Pump,  Typo  31,  with  leather  carrying  bag)  a  supply  of 
detector  tubas  in  a  leather  storage  oasa|  the  transit  ease  with  an  additional  supply  of  dataotor 
tubasi  spaolal  spanner  wranehi  and  epara  parts. 

Tha  osaplata  kit  la  contalnad  in  a  matal  oats  $  by  6  by  A  3/4  inohss  and  wslghs  4  pounds. 
Weight  of  ths  ballows  type  laaip  is  12  ounots. 


Parformsnoa  Pats 

Ths  measuring  range  of  ths  dataotor  tubes  Ineludsa  ths  rings  of  toxic  gas  oonosntratiina  1»- 
portant  in  ttia  field  of  induatrlal  hyglana.  The  toodalty  data  are  baaed  on  publlahsd  atandarda  in 
thla  field,  particularly  threshold  limit  values  issued  the  ACQSi.  In  dataotor  uuoas  used  for 
taohnieil  gaa  analyses,  tha  meaaurlng  range  ia  sdjuatad  scoording  to  tha  raqulrmunta  of  tha  sntlyaao. 

Specif ieitr I  Ths  detector  tuba  for  a  partloular  gas  or  vapor  is  ssssntislly  spaolfte  for 
that  gas  or  vapor.  This  is  aohitvsd  not  only  by  ths  use  of  spsoifio  m.iA  stable  rssgsnts,  but  also 
by  ths  use  of  s  pra-olssnlng  layer  in  most  typss  of  tubas,  which  is  plsead  in  front  of  ths  aetual  vo* 
aotlvs  layer.  This  |Hrs>olssnlnc  layar  eulsotively  absorbs  any  Intsrfaring  easqxsianta  that  may  ba 
oontainad  in  ths  gas  or  vapor  siapls,  and  thus  Inorsasss  tha  apaeifieity. 

Iff  acta  of  Tman^aturai  Tha  esUbration  data  of  the  various  dataotor  t.  jc.-.  in  gaitcral  aro 
valid  for  ta^araturaa  between  32.0*  ind  104.0*F  (0  -  40*C}.  Changaa  in  the  hua'.dlty  of  tha  idr  do 
not  affaat  tha  raault  of  tha  msaaurMnt. 

fcrert  Tha  tUba  reading  davlataa  from  tha  true  value  by  ±  25%  at  the  '.-.ct.  In  ashy  dotaotor 
tubas  this  error  Is  oonsldsrsbly  amallsr. 

Ths  dlseOlerotion  of  ths  dataotor  tubas  will  1 .  :t  for  sosw  -.ims.  .When  aatsotor  tUhaa  sro  to 
bs  kept  as  svldsnss,  it  is  rsocwsndtd  that  ths  open  ends  ba  saalsd  with  wax. 


Saiisx 

Hanufsetursd  by  Drtgerwtrk,  Hslnr.  A  Borrh.  Dragar,  Lubsek,  West  Gsrowny;  distrlbutod  byi 
Safety  Supply  Company,  Toronto,  Ontario,  Canada.  FrioM  and  lltaraturs  are  avallihla  from  tho  am». 
faoturar  arid  diotributor  upon  roquaat. 
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Gaa  Detector  Tubee 

for 

Indaocw 

H  e  a  a  u  r  1 

n  g  Range 

CaDaB* 

Alcohol 

0.2 

0.2-40 

150.30000 

Aimonla 

0.01 

0.01-2 

13-SiOO 

Aralne 

0.05/a 

C.05-3 

0.02-1 

Benaena 

0.05 

0.05-4.4 

15-420 

.04 

Carbon  dioxide 

0.1/a 

1-5 

Carbon  dloCUle 

Dt 

1-20 

Carbon  dlaulnhldt 

0.04 

0.04-1 

13-320 

Carbon  dlaulphlda 

1 

1-10 

320-3200 

Carbon  nenaxlda 

0.0015 

O.OQl.^.3 

Carbon  Bonoxldo 

0.35 

0.3-4 

Chlerina 

l/a 

1-200 

0.33-70 

Feraaldohpda 

0.002 

2-50 

2Hlt0 

Hpdroaarboni 

0.15 

0.1-1 

Hpdrooarbona 

2 

2-25 

540-6750 

Hpdroopanlo  aeld 

0.002 

2-150 

24L45 

H^ogan  aulphlda 

0.01 

0.01-1.2 

7-640 

Merourp  Vapor 

0.00GL 

0.1-20 

Nltroua  gaaaa 

0.005 

5-500 

2.5-250 

Phoagene 

1/a 

1-70 

.■  '?-47.5 

Sulphur  dleodda 

o.a 

o.oa-w.4 

Toluol 

0.25 

0.25-10 

70-27&J 

Triohlorathplana 

0.1 

0.1-2.0 

lft.370 

Hater  vapor 

0.1 

o.i-ao 

*  This  Inlaoc  tht  tjrp*  of  dotootor  tubo> 


OBOratino  laotruaUant 

!•  Tht  tipi  of  tht  dtttotor  tubt  art  brektn  off  bjr  Inaortlnf  th«  the  (red)  (Tft  of  tht  chain 
on  tht  pmp’ 

2>  Intart  tht  dttaotar  tubt  Into  tht  htad  of  tht  pmp  to  fit  ga»-tlfht.  to  that  tht  arrow  loprlnttd 
on  tht  tubt  polntt  toward  tht  puap. 

3<  Squtttt  tht  btUowt  at  far  at  It  will  go  and  ralaa#a>  Tht  Intakt  aetlon  ttkta  plant  auttaatL* 
ealljr  anl  la  tea(l.tttd  whtn  tha  atroka  llaittr  ohaln  It  fuUjr  aaptndtd. 

4.  Ftrfom  thla  optratlon  aa  ofttn  aa  liatad  In  tha  Inatruatlena  tor  tha  partloular  dataetor  tiiba 
In  uat> 

5<  Evaluate  tha  naaauraant  aaoerdlng  to  tha  data  atntalntd  in  tht  optratlng  Inatruetiona. 


Sa|dl]]g|i  Tha  eoneentratim  it  raad  althar  dlrtotly  freie  tha  aoalt  Inprlntad  on  tha  tubt, 
or  obtalnad  froB  a  table  uaing  the  nuaAtr  of  atrokaa  raquirtd  to  obtain  the  dltooloratlon. 

A  light-eolerad  writing  aurfaat  la  la^adnttd  on  that  and  of  tha  tuba  pointing  toward  tht 
air  Inltt. 


Calibratlm  Ina*^tlopa 

Tht  eallbratun  valuta  of  tha  dttoater  tubaa  tan  ba  ehatkad  bjr  known  gaa  or  v^r  aoneaik< 
tratlone<  Tha  daalrtd  oonoantration  of  tht  tallbration  gaa  or  vapor  idxtura  oan  ba  obtained  bp  Itw 
laot ’jig  tat  pure  gaa  or  vapor  In  Maaurtd  ouantltlaa  Into  a  aottrad  air  flow> 


tlriBttniB9tJBrtrMmnf 

The  gaa  dataetor  ptap  la  of  alaplt  doal^  and  teaprlaao  a  alni^e  valvo  onlp.  Bp  virtua  of 
thla.  It  ahouid  not  rtqulrt  anp  «ainttnanot<  It  la,  howavtr,  praotlckblt  to  tf  <4  tha  puif  tor  laalo* 
agt  bafort  oontanalag  aerial  oaaaurwnta.  Tha  leak  teat  la  parforaad  bp  Inaartlng  a  tloaad  dataetor 
tuba  Into  tha  Intake  at  the  head  of  tha  pvMp  and  aerpraaalng  tha  balleMt  aa  far  aa  It  will  goi  Tba 
punp  la  aufflaltatlp  tight  If  tht  ballewa  is  not  eoa^atalp  aeqpwndtd  aft«r  Ui  alnutaa,  l.a<,  tho 
atroka  lladtar  ohaln  la  not  pat  fullp  a^pandad.  Whan  tha  pwp  :U  aufflolant:^  tl^t,  1,.  v.'  ■■■n  pr»* 
duoaa  tha  raoulrtd  air  flew>  A  parfaetlp  funotlenlng  pmp  dl^aoaa  tn  air  raliasit  of  100  r  3  eubli 
otnUoatara  par  itrokta 

If  thla  toot  ahaara  anp  laakago,  in  neat  eaaaa  thla  oan  bo  rtoedi  nd  bp  olaanlnc  or  •orating 
tha  vtlva. 


A  alnplt  ohaok  on  tha  proper  parferaanot  of  tha  taat  oan  ba  aadt  bp  ‘-.^oilng  tht  In*  ua  atrokt. 
The  parlod  of  Una  raquirtd  bp  tho  ballnra  to  BOTa  fToa  eenplata  veoQraatian  to  ecBplota  ag^tnalen  of 
tha  atroka  Uadtar  ohaln  la  daptndant  aolalp  on  tho  flew  raelitanoa  of  the  dataotor  tube  anplopad. 

Tha  value  of  thla  flow  roalatanaa  la  atatad  for  aaeh  tppa  of  dataetor  tuba  In  tha  Inktruetlen  oanud. 
at  tht  "optnlng  tino"  In  atoandti  If  tha  tiaa  davlatta  qppraolk^  froo  tha  Maptnlng  tine"  tha 
oparator  theuld  ba  awart  that  adthar  tha  piBp  data  not  funatlon  esrraatlp  or  tha  tipa  of  tha  dataetor 
tuba  .are  not  proparlp  opened* 
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Figure  3  -  Etilorgad  view  of  Drager  Detector  Tube  for  C&rbon  Mcnoxicle  (0>001!^}  Showing  Pr»>*cle4ning 

and  Reaction  Layers* 


Figure  i*  ^  Compor.unts  of  U'.e  i.\s  Detector 

1  V  Bellows  P'tfBpy  IDOvi«-l 

2  »  Detector  tube  casv 

3  «  Case  for  punp 

4  -  Carrying  Case 

5  •  Special  ecrewdriver 

6  ■  Special  spanner  wrench 


Kit.  NuCierfils  Refei  to  Parte  Listed  Below. 

7  «  Valve  diec 

8  ^  Screen 

9  “  Valve  Su'iii. 

10  aubber  bung 

11  ■  Gae  detector  t-jfce 


KONOXOR  CARBON  HCNOZIIIE  INDICATOR 


lUU 

The  Nonoxor  Indle«tor  can  b*  uiad  to 
datmalne  th«  cor.eantratlon  of  carbon  mor.oid.da 
in  induatrlil  «orldii(  araaa*  Thla  Ijiatrunent 
oan  ba  uaad  alao  for  ohacklng  CO  oonoantra^ 
tlona  In  oonnaotlon  with  gaa  oj.wiratad  hone 
appUanoaa. 

Oiiaratliia  Prlnalmla 

The  proMnoa  of  earbon  nonoidda  la 
ahown  tgr  tha  daraloiaant  of  a  breamiah  atain 
on  tha  yallow  ooiarad  gal  eontalnad  In  the 
inilloatlnf  tuba.  Stain  length  la  propoi^ 
tlonal  to  tha  obneantratlon  of  earbon  non- 
oXlda  In  tha  air  balrg  aaai^.ad.  Farta  par 
aiJUlen  and  pareant  earbon  aonoxlda  ty 
vAvMa  ara  read  diraetljr  fron  the  acala. 

ranlMl  BtWrtPMm 

Tha  ooBflata  .unit  eonalata  of  tha 
aaaqaar,  which  la  a  aprlng  oparatad  ballowa 
contained  In  a  natal  houalng«  and  tha  lj>> 
dlcatlng  tuba.  Attached  to  tha  natal  oaaa 
la  a  doUbla  aldad,  atalnlaaa  ataai,  aUdlng 
acala  conalatlng  of  four  rangaa,  two  c.>  aaoh 
fao«  with  angrayad  •raduatlona  (aaa  n<ura  1). 
Tha  acala  and  imioatcr  tuba  holdar  fold  book 
onto  tha  ballowa  caaa  whan  not  in  uaa. 

Saplor  and  apara  ladleator  bubaa  ara 
paokad  In  a  aatA  aaitTlng  aaaa  idiloh  waigha 
2  1/2  peunda  and  naaauraa  7  by  6  1/2  by  2  3/A 
inohaa. 

fyfWMMt  Pt«l 

Four  rangaa  at  fellowai  O.COJt  (100 
p^}  to  O.tf  (2000  p^)  CO,  O.Otf  (fiOO  ppi) 
to  O.Ul  (1000  Ma]  CO,  O.OOSjl  (M  p|a}  to 
0.07S  (TOO  PIM}  GO,  and  0.0Gai(  (10  ppa)  to 
0.(0/  (300  ppi)  00  for  ana,  two,  tbroa,  and 
four  pimp  oteokaa  raapootlraly. 

SanaltlTltgr  la  O.OOUI  CO  (10  ppa) 
with  a  waxlia  roodlng  of  0.2!l  (2000  ppa). 
Conoantratiana  aa  Imt  os  5  ppn  can  ba  dataetod. 

Tha  whlta  guard  gal  rcBOvaa  oaoka,  , 
Aawa,  and  gaiaa  otho::  than  carbon  nenadda. 
Mtroua  oddo,  oulfur  dleoEldo,  aathana  and 
aena  athar  gaaaa  do  not  tntarfara  with  tha  CO 
toat. 

Blnca  thla  nathod  la  baaed  on  a  length 
^  ataln  rather  than  a  ooler  ehtnga,  aclcr  ao». 
i.i.riaona  ora  allalnatad  and  rallablo  raidlngt 
oon  bo  nida  undor  a  wldo  ranga  of  lifting  eoi>. 
dltlona.  Thaoa  tubaa  ara  ouitobla  for  uaa  b». 
two an  xTD*  F  tad  ^125*  F.  laah  indicator  tdba 
oan  ba  uood  far  two  aaparata  tact#  whara  noraal 
CO  ooncwtratlcna  aro  anacuntaaad. 

SSHCU 

Baaharaah  laduotriol  Inatruamt  Ccepangr, 
200  >.  imtrtoak  Art,,  Fittabur^  •,  Ptnna. 

■’’a  an  f.o.b.,  PittOburgh,  Ftma. 


Flgura  1  -  Mcnoaer  Ciroon  Hoae.',.;i'!;>  Indloator. 


la  fraaa  and  aoala  fron  bottia  of  indioator  laipler  and  a«lval  ftirword  until  it  loeke 

In  plaoo. 

2.  Slida  natal  tip  braakar,  on  tha  tetton  of  tha  indicator  aa^dar,  book  to  opan  tha  tuba  braoker 
hda. 
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3-  lni«rt  Inlloator  tub*  tip  In  expoaed  hijls  and  break  off  tips  to  open  both  ends  of  tub«-  Push 
allda  forward  to  eloes  tip  breaker  hole. 

4>  Slide  either  open  end  of  Indicator  tub*  throu^  wire  loop  Under  soal*  and  Insert  the  tub*  smi^ 
Into  rubber  tub*  sonneotor  or  Indicator  *B|d.ar< 

$•  Depress  push-button  to  bottoe  of  travel  and  hold  down  for  several  B*eonda<  Release  push-button 
oulekly  end  allow  puah-button  to  raturn  to  its  original  position*  This  will  bs  shown  bj  appear-i 
ariCS  of  rad  11ns  on  push-button. 

6.  Whan  rad  lins  on  push^tton  la  vlaibls  wait  IS  sssends  bsfors  sMSilnlng  ths  Indlestor  tubs  tor 
brownish  stains  In  jellow  oolorad  gel.  If  etain  appear*,  oarbon  aonaxdda  la  {rsssnt  In  tsst 
ares.  Movs  tsals  until  unstadnod  jrallow  eolortd  gA  sppsara  on  on*  aid*  of  eoalote  sero  bar  and 
tha  atalnad  gal  appaara  on  Uia  oth«  alda. 

7.  Road  aoala  at  Junotlon  of  ttaln«l  gal  and  whita  guard  gel.  If  no  etain  la  vldble  aftn:  on* 
puap  etroka  repaat  etepv  $  through  7  for  a  total  of  2,  3,  or  7  iMop  atrokaa  for  greatar  aenilr. 
tivltr.  Mhan  naklng  additional  pump  atrokaa,  ba  sure  to  uaa  eorreet  soal*  for  saaaurlng  length 
of  stained  gel. 

Additional  dstallsd  supplasntsrjr  oparsting  Instruotlons  for  ipaolal  ajgUestlons  ars 

Inoludad  with  tho  Instnant. 


struetlons  art  Inoludsd  in  tha  kit. 


f.  » -j  f  * .  ....  '  s'  I  - .  M.  ..s  vj  tiC  .irttA’  .’fcir  ’  *  Ci  ‘'r 

y.  ..  •-•.*:  Ar.  .•  i.r-rul-otlc  jliSLic  s»>i»BVfc  iU'OiT.j  C;..;  ^.r 

n-..-  •:.t  ;..’.-.c’.cr  :_te  c.  ci  •  r*ag«*-i,  i.rJc!.  ,:i  — 

s.  ai,.|  read:.  i:.'.  .'as  a."  lua:.j  .'aae  -'va.  «  color  laaUi  is  proOiCOC  i«r>lcl  va.'ies  .i, 

ii'i.fttr,  or  inior.sity  aiil,  '.rv;  c-:.cv;.’..'-..lior  o:'  gas  or  vapor.  Eacf.  raajiw.t  proridia  a  color  coia- 
trajt  botaoe.-.  the  cuigi.'.ai  c  lor  a:.;  i  co.or.  T  o  dstectir^g  roagorts  a.-*  adjortwi  o(.  fir.e 

grain  (Uiea  gel  which  it  ht-.-rv. Lcsll;.  s.-ale'i  i:  arc  g-aas  detector  tshee.  lie  grain  size 

of  the  aillea  gal  ir.aaras  u:.ifoiT.  iistritstioi.  of  airn.ow  through  the  tubes,  and  oro'.  .«s  sh.aip  ie- 
aarcation  lines  on  all  length-oj-stair  tutes,  ari  -riforr.  color  char  ges  on  cuioiw-.r.^  .  ritj  tubes. 

PhYBlcal  Deicnatior. 

The  gee  arc  -.ajo]-  retecior  cor.sisto  of  a  harJ-l'"*  piston  t_  ; ,  t:.'.-  iox  it  ieter'  t. 
tubes  (to  be  spocifle-l  !.v  :  ..:  c!...sor),  5|  a.-e  parts,  a-.j  a  leather  Carrying  care  with  shouluar  str-aj- 

Walgh'  of  '.t.e  -t  1  1/z  jou-hde  ar.d  it  is  1  1/2  inches  in  liaBOter  a;...  >  i/u  i.’.c.has  .o:.g. 
The  12  by  9  by  >-i!.c.'.  o.-u  iyi;  g  caee  r.ai  roor.  fo.-  eigt.t  lojtee  of  detector  tubes,  sleight  of  the  c*.- 
plete  kit  is  about  fo-j*  pc'inas. 
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best  available  copy 


.(■■A.  w 


At  tr  F  «r»H«  Arror  at  tk*  tukw  !•  1m»  than  ft,  Aaeurata  tanparafairt  Mrr«ott«n 
UhlM  ar«  hvallifalh  for  oaiA  tjpo  of  tub*. 

Tho  foAlowliig  toldo  liaia  tho  tjppoo  of  |as  and  vapor  dataotor  tuba*  avallabXOf  vauft  at  aanr- 
oantratlona  dotaotabla,  oolor  ahangoa  produaad,  and  othar  partlnart  iaforMclni. 

TUBBS  POK  MEASUBIHG  ATWMPttBRIC  CONCENTRATIONS 


Tah«N«. 

Dataaiat  Taha 

HA.  C. 

Mf  U«* 

Pta— iarit  W 

OHoImI 

""Slaoa 

101 

AmykM 

lae-iQDSPPM 

- 

1  yMta 

yala  yallaw 

brewafali  klaa 

loss 

AmMmUo  1*88  IMg^t 

IO-«MPHl 

100  PPM 

1  yvata 

ffak 

yalkw 

111 

BtaMM 

B-w  pm 

«  PPH 

1  nMHto* 

«hlia 

raddlah 

114 

BpmIm 

i-i«opni 

IPPM 

I  yaar 

^aytah  wMt* 

vaaga 

itU 

Din  M»«  Imp 

M0-tl,«00  PPM 

SOM  PPM 

t  r«tr« 

Sla*  ytfyk 

pala  plak 

lOM 

ts-4seePFM 

100  PPM 

t  jwara 

pala  yalloir 

iptaasStaa 

lOiC 

OAMllMHMliB 

la  MMMa 

u4 

ahraa*  gMM 

A-MOPPN 

100  PPH 

1  rmm 

pale  yallaw 

100 

ChlMlM 

l-IM  PPM 

IPPH 

lyaai 

•reykh  «rbll« 

aiaiifa 

lOlB 

CUijrliM 

o.ia.M  PPH 

- 

•  fm% 

pala  yallfwr 

it«k  Uaa 

IIIA 

Hyiratia  CywM* 

10-10.000  PPM 

10  PPM 

Xy^ 

ra44klt  krawp 

xm 

Hy^  tallMao  l«* 

UIMPPN 

MPPH 

1  ym 

whHt 

WaRfp 

ISOC 

l|y*««ta  SaUUt  k 
MMMM  •«H«r 
dlHUa 

M-UOOPPM 

NPPM 

>  yMT* 

nla  yalkaf 

•'  lalakklat 

aa7 

CttUayl 

l-MPPM 

0.MI  PfM 

PrU  ypUaw 

blii  p«pla 

IIT 

Dkalte 

0.1-1000  PPM 

SPPM 

1  y«« 

Itaykb  whOa 

tfapi* 

111 

PhMpklM 

ta-oooppu 

0.MPPH 

I  yMa 

pala  i  bt 

rf44iki  p«pl« 

lOlt 

Mm  DtoaMi.  kw 

t-iaeoPPU 

IPPM 

S  ytn 

WkltR 

avatfB 

114 

Tatww 

wtoeoppH 

NO  PPM 

SMMka*> 

RlilU* 

■ad^iali  kawa 

lU 

TVitklaraatkyUa* 

IS-USPfM 

MO  PPM 

ly«tt 

nMIpS  ara^ 

•fcOa 

HICUEB  RANGE  TUBBS  FOR  PROCESS  CONTROL  AND  DBTRPtSiNINC  PRESCBNCE  OP 
EXPLOSIVE  CONCENTRATIONS 


TMa-Na. 

DwMwIm  T«4* 

IpMMthla 

Cwwiwiilap 

ldpw»yi0linl»» 

Ualt 

MlUb 

maaaiBnat  a>  Itaafwtt 

CiMelMl  Cfcii^ 

tot 

Acaiaaa 

LUt 

t  yatfa 

yaHawlah  wapta 

hlaa 

lie 

AerylaaltrlW 

.00I0.S.0* 

loto 

1  yt«a 

araaia 

hlaehlah  ^aaa 

lOkA 

Aiaawala.  11(1 

OwIOm^ 

ISk  -  law*. 
M%-  appw 

1  yaara 

piak 

pwpllah  hlaa 

IKA 

CarSaa  DlaaMai  lliii 

Owi^.oe 

- 

1  yaara 

klaa  parpla 

pala  ptak 

10? 

OMSyl  CliMr 

0,0t0..4.0)l 

laTO 

t  yaara 

araafa 

klmkiak  peaa 

Ill 

Dhaalhyl  C«baf 

0*910-14% 

».0« 

0  yaaia 

aaaaif 

blacklak  raws 

104 

EtSaMi  (Akahall 

o.Qio-fe.0% 

I.MM 

9  yaaea 

yaliaw  araafa 

klaa  fraaa 

111 

Ethyl  Aoalala 

0.040-r4% 

l.t«l 

9  yaara 

araafa 

hlaafclali^aaa 

121 

CihykH  0«Ua 

041^.0.0% 

•J% 

9  ya«a 

yaSlaas- 

araafa 

4alk  yadaaro 

#aaa 

1» 

IMhBBal 

0.««UI4% 

Oyaara 

yallaw* 

araafa 

kiaa 

lOIA 

laHar  DImIM,  h%k 

04IO-10.M 

- 

9  yaara 

yallav 

klaa 

•  AU  ikM  aWS  IHi  likM  w<U  b«  aUnai  aV  Oil^  aoataai  afaatd  vOaa. 

Pltaaa  law  dai  aao  toaninataa  oa  aiaiUi  la  iyUtaaOiaaliaaO,  Mttiaa*  la  Un  ataaa  llai  will  ha  aaal  aalkaa  vw  lahaa  wa 
■aOa  aaallaMa. 


Sourea 

Wgr*»  U.  8.  distributor  -  Union  Uidiiatrlol  )  uiiBMit  Corp., 

40  Baaoh  Straot,  Port  Cbastor,  Bor  fork.  ^  ' 

OforatiMlnatoiiaMon. 

at  ^  apfraprlata  dataotor  tuba  ara  brokan  off,  and  tha  tuba  is  Inaartod 
into  the  (Aokot  at  tha  iMp  lidat.  Tb*  hjmdla  of  tha  pup  la  thm  vlthdravn  tha  lanfth  of  tha 
dor  and  glvw  a  half  turn  althor  laft  «r  rt^t  to  look  It  in  position.  Aftor  two  to  throa  ulnutM, 


-U-r 


5-- 


dtpondlng  upcn  th*  ■pwlflo  tuba,  tha  dataotar  tuba  la  raaovad  and  Uia  gM  eonaciitratlan  raid  fraa 
Uia  callbration-eurva  or  color  atanlardi  on  tha  daiaotor  tuba  box*  If  no  atcln  daralopa  aftar  ana 
pu^  atroka,  rapaat  tha  preeadura  tintll  a  ataln  dardlopa,  ant  di^a  tha  raadlai  'ibtal^  bgr  tha 
nu^er  of  atrokea. 


na^thT-atlnp  Tnatn.«t(4«.a 

aCapaoltf  of  tha  band  pwp  ia  100  nl  ±  53(«  A  ahipla  "aoap  bubbla**  taohaiqua  ean  bo  uaad  to 
ehaek  tha  air  flov  thioush  tha  dataater  tubaa*  Oba  aathod  la  aa  foUawai  Canatruat  a  burnt  alth  a 
eapacity  of  125  ol  fru  3/iixlMh  I.D>,  thl»<adl  (lA^^nah)  plaatlo  tubing.  Hark  off  tha  MMltr 
botMaan  90  and  110  m  In  1  nl  dlvialaRa  bp  ualiig  a  valimatrla  pdpatta  and  filling  tha  burat  ulth 
Bueeaaalva  kncm  quanttttaa  of  uatar.  Saal  a  nippla  to  tha  top  of  tha  plaatlo  tuba  to  faalUtata 
attaohnant  of  rUbbar  tubing  which  will  allp  ovar  tha  dataotor  tuba  and  fcni  a  tight  aaal.  Arapara 
a  aolutisn  of  dotarpant  and  watar  allowing  tha  roaultant  tom  to  aubaldi.  CarafuUp  pour  thla  adi^ 
tlon  Into  tho  burat  to  avoid  raialng  addltlend.  foan  wd  pour  out  tha  aolutlon  In  au^  nannw  that 
tha  Inalda  waUa  of  tha  burat  aro  ooatad  with  a  thin  fUn  of  aoapp  watar.  Flaaa  tha  epan  «id  of  tha 
burat  in  eontaot  with  tho  lurfaea  of  tha  aeaiv  wat«r  oontalnad  In  a  baakar.  Mtthdraw  tha  burat  and 
a  aoap  filn  ahould  eovar  tha  south  of  tho  burat.  Inaart  a  dataator  tdba  (tnda  of  glaaa  brokan  off) 
Into  tha  pwip  and  attach  tha  othar  and  of  tho  tUbo  to  tho  top  of  ttio  burot.  Adi  out  piap  hanUa 
and  look  In  aacbanlad  poalticn.  Tha  aoM  bnbhla  will  rlao  In  tha  bwat  (ftnii  tha  taro  point}  and 
etna  to  aouUlbrlta.  Nota  tha  total  tuibo  and  tlna  raqulrad  to  roaah  aquUlfariua. 

Oatootor  tubaa  oan  ba  aallbratad  agalnat  known  ocnaantratieRa  of  various  giaoa  nd  vapert. 
Cna  aathod  for  aattlng  up  known  oonaaitratlent  la  daaarlbad  on  pago  hT'-A.  Othar  taohaiquaa  ara 
daierlbad  in  tha  Utaratura. 


I)  IF  It  haaaaiaa  naeaaaarp  to  lUbriaata  tho  platan,  uao  a  good  pads  o£  >  lUaana  paaaa. 

2}  Ohaek,  bp  u;.iiii£  a  nlaraaeops,  or  bp  noting  tha  tlM  rata  of  flow,  to  bo  aura  that  tho 
atant  flow  orlflco  it  un^uggod.  Dirt  nap  ba  r  ana  rad  bp  aloanlng  tha  hola  with  an  0.0$  nil  platl*. 
maa  wlra. 


*Edltor*a  Dotai  Thil  toohnlflua  la  uaad  bp  tha  Oeaupatloiial  Moalth  n.8ld  Hoadqucrtars,  U.  S.  Aibllo 
Health  Sarriea,  Cincinnati,  Ohio,  to  calltoata  aatll  air  flew  ratas  un  aavnral  tppoa  of  flald  bib. 
plii«  aquliaant.  It  is  a  aanvanlant  and  aoourata  aatM  and  waa  aulalttad  for  puttloatlcn  In  tha 
Mor.  Ind.  Hpg.  Asaoo.  Jour,  bp  Howard  1.  Kwmati  In  OetObar  1959. 
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PORTABLE  OXIGEN  INDICATE 


Figure  1  ••  )t^-A  Pcrteble  Cdqrgen  Indicator  for  Meaauring  Concen  rabiuns  o.f  Ccqrgen  Within  the  Range 

of  0  to  2'ii  by  Volume. 

Uaea 

The  N-S-A  Portable  Oxygen  Indicator,  shown  in  Figure  1,  is  a  compact  instrument  which  glraa 
a  direct,  instanl.aneouB  reading  of  the  percentage  of  oxygen  in  ..  gaseous  mlx^-ure.  It  can  be  used 
fer  <»7gen  deficiency  conditions  and  for  sltuatlonc  where  oxygen  leakage  may  increase  fire  and  eoc- 
ploalon  hasarda. 

Ooeratinf  Principe 

The  Portable  Oxygen  Indicator  uses  a  depolarization  cell  fiv-  i^gen  aeasuremant.  The 
call  consists  of  a  lAicite  cylinder  fUlad  with  a  special  elsctrolyte,  a  r.i  -  electrode,  and  a  hdloif 
carbon  electrode.  In  this  form  it  becomes  a  galvanic  cell  whir.h  generctc-;  -.'.eetrle  current.  The 
flew  of  thie  current  Ic  retarded  by  the  polarixatior.  effect  of  iiydrogCd  ionf  attracted  to  the  carbon 
electrode.  When  the  test  simpls  is  circulated  in'-  dv  ths  hollow  electr^e,  a  small  portion  dlffuaes 
through  the  carbon.  Oqrgen  in  the  saiqile  cembines  with  the  hydrogen  lone  depolarizing  the  call. 

The  amount  of  depolarization,  and  thus  the  amount  of  current  flow  through  the  cell,  le  in  direct 
proportion  to  coneeiitration  of  oxygen  preaent  in  the  cample.  Thie  currant  flow  is  measured  by  a 


-a*- 
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TLgars  <  »  Interior  View  or  Portable  In-  Figui'e  3  -  Detector  Cell  WitK  Seople  IxJet  enil 

dicator«  Pbchaust  Tubes*  CeiJ.  .  ;:.$i8ts  of  Carbon  and 

2int  SIcotrodes  Inters^-  ar.  'Coalite  Solu¬ 
tion. 

meter  whose  scale  is  graduatec  in  percent  oj^gen. 

Ce^trtttjir.  ,  ,  ,  , 

Weight  -  5  JA  pounds!  width  -  4  3A  inehesj  depth  -  u  1/9  inches;  height  -  5  3/1  inches. 

The  Instncent  is  housed  in  a  rugged  sluednUB  ease  with  leather  neck  and  waist  straps. 

Power  is  eu];flied  fa;  one  site  D  flashlight  cell. 

Pirfotmenee  Data 

Scale  Raiige  -  0  to  ^5:<  oi^gen  by  voluae.  Accuracy  -  1  l/i'<  «>5gen  throughout  the  scale 
range.  Soa'.e  graduatior  >  sauare  root  function  places  the  i%  mark  at  upproxinately  the  mid-point  on 
the  scale. 

Soufce 

Mine  .Safety  Appiiw.cuu  Jaipary,  201  i;.  Braddock  Ave.,  Filtsburgt.  3,  Penr..  Price  availile 
fras  manufacturer  upon  rcQ'uest. 

nn»r»t<.^«  Instructions 

1.  Move  the  "CFF-OK"  switch,  upper  right  of  panel  to  the  "CfJ"  position. 

2.  .cuu  spring  return  switch  in  the  "CHECX"  position  and  adjust  "CHECK  ADJ."  ia;tiL  meter,  pointer  is 

within  half  of  a  scale  division  above  the  proper  setting.  Release  the  switch  to  the  "TEAD"  poei- 
tlon. 

3.  Gently  rock  or  tilt  the  instrucent  in  several  directions  a  few  times.  Aspirate  air  10  tisef  end 
adjust  meter  needle  by  "AIR  ADJ."  to  20.8i(  within  a  few  tenths  of  a  percent- 

A.  For  good  stability,  ^ow  at  least  five  minutest  then  repeat  steps  2  and  3  wuwh  greater  preci¬ 
sion.  Check  setting  need  not  be  adjusted  elcser  than  to  l/A  of  a  division;  air  adjustment  shcjld 

be  as  close  as  poeaible  to  20. Sf. 

5.  Aspirate  sanpile  and  read  meter  when  stable,  kith  a  flve-fooT.  sampling  lino,  15  t-  '-.v  . '■-irdbl.or.s 

ire  needed. 

n.n>n.^y»^  instruettons 

hr  paataet  aeeuracy  and  preeleion,  t.he  N-S-A  Fortable  Jcvgei.  indlxator  awai  c-u  '-i!.ibrat3d 
before  teldng  asasuraemts.  For  u^ger.  coneentratlonB  above  15^,  sinply  irev  n  fresh  air  vd 

adjust  the  metir  reading  to  20. 8f.  For  aeaeuraenta  at  the  low  ..  u  f  the  eca.e,  adjust  tlie  aerc 
earttlng  In  eddltlan  to  the  freeh  air  reading.  To  do  this,  drew  a  e  of  D)tjgar>.rree  gas  through 

the  ihstruMnt  and  set  the  meter  to  zero  by  tumirig  the  slotted  "..ao"  mijuatmant  screw  to  the  left 
of  the  aster. 


BEST  AVAILABLE  COPY 


I 

I 


lUlnUnim*  it  ooitfliMd  to  roploemot  «t  (no  of  Uw  dottrodw  md  tin  d.ootr«lLrto  oft 
too  Bontho  or  wro  Of  uoo.  Dsy  ooVlo  nentUj  loot  ocniliiwidbljt  loiifw.  Tho  dootrodo 

ihould  iMt  ifpvodaotOljr  o  roar,  but  ugr  hovo  to  bo  olomod  ohan  tho  dIootrel]rt(  lo  ohmiod- 


OIRICTIONS  rOR  UIE 


Dttactor  Tubt  1/b  HYdndilsric  Add 


Otutral  and  Ap|»tU««Ufit 

Analyilt  of  hydrochloric  acid  vopourt  (HCi)  in  air 
and  in  industrial  Qoitt. 

Initruction  boohUt  G?341o  MOfolnt  how  to  uu  tht 
Dttaefer  Tubt  ond  tht  Ooi  Otftcior. 

For  tht  preptrtlti  of  tht  tubt*  Itt  oUo  No.  39  In 
eur  ttrits  'Information  on  tht  DrAgur  Cos  Dtttelor" 

a.  Daterlptlon 

Stt  lllustrollon. 

Optning  timt  (durolion  of  ont  llrokt  of  tht  pump 
to  full  tMponiloA  ef  tht  itroktilmittr  chain)!  ot  itost 
4  itcs.*  but  not  mori  than  twict  thot. 

a.  Mtatarlag  Kaagt 

With  Ip  itrokti:  3>30  ppm 
1  me  HCi/cu.  m  «  0.6T  ppm  ] 

I  ppm  HCi  1.5  mg/ci.  m  f  * 

4*  Toxicity 

MAC  volut  (&  hours);  S  ppm  (USA  1959.  Gtr.  Fed. 
fftp.  1958), 

For  furlhtr  toxicity  doto*  stt  Informotlon  Shttt  No.  39 
J.  Sttrogt  Ufa 

At  Itosi  t'VO  ytori.  Kttp  tht  Tubts  out  of  tht  light. 


4.  Itmarlit 

Afttr  d  ntgotivt  rtocllon*  tht  Tubt  eon  bt  uttd  ogain 
rtptottdiy  on  tht  samt  doy.  Undtr  ctrtaln  conditions* 
It  moy  tven  bf  used  ogolnofltre  positivt  rtoctior. 
Oiicolorotloni  lost  (or  only  o  short  tlmt  ond  ttnd  *0 
polt  if  tht  Tubt  is  Itft  osidt.  Stt  Informotlon  Shttt 
No.  39. 

7.  SMcIfIcHy 

Colour  diongt  orongt  ^  blut  vloltl  is  boitd  on  rtac- 
tiorr  of  tht  HCI  with  orgonle  mttel  compitx.  Tht 
Indicoting  loytr  Is  dlicolortd  in  tMCtStlyt  conctn* 
trolloiis  0*  nitrovff  gasti  ond  chlorint  Hydrogtn 
sulfidt  products  a  blut  dliceiorotlon  of  rtagtnt.  No 
Intirftrtnct  ii  offered  by  hydrogtn  fluoridt*  sulphur 
dlpNldt  or  SOi> 

Acid  chlorldtt  ond  other  lubstoncts  {#.  g.  sulphur 
dichloridt)  whiditoilly  crock  HCi  cnnoltobt  mtosurtd. 
Stt  also  Informotlon  Shttt  No.  39. 

I.  EHtcft  of  Iho  Ambltal  Tomptraturt  at  Iht 
Mtaturamonf 

Tht  cOkibrot^d  scolt  printtd  on  tht  Dtttctor  Tubt 
Is  volid  for  10  Ktroker  of  tht  pump  to  OS  boih 
the  Tul^t  on'j  ihc  ?  lOiisple  art  within  o  and  40*  C. 
The  Dt1tr>or  Tubus  o.t  colibrottd  to  allow  for  40 
to  80%  rtf.  numidity  In  Iht  ttst  gos  (30*  C), 

f.  Tost  and  Evaluation  «l  tht  Rttiilt 
With  10  strokts  of  the  ludr  tht  air  to  bt  ttsUd 

through  tht  Tubt.  Itngtn  of  Iht  vtoltf'discolourtd 
tont^HCi  coneantrotlon  iiippm.  Thtdlieoiorollon  Is 
similar  to  the  covering  tilm  on  tht  and  of  th#  Tubt. 


1  and  7  Fused  tips 

3  Writing  surface 

4  7re  clfOniing  loytr 
(whilt) 

5  Indicot jitg loytr (oronge) 
with  collbrottd  scole  in 
p  p.  m.*  valid  for  10 
slrokti  of  the  pump 
(n-IO) 

6  Arrow  (should  point 
towards  pump 

during  ttit) 

7  covtrirtg  Aim  (violtl) 


»  J  *  •  S  7  ? 


tOO'7 


•  RIRIRWIRR  ItofcM.  •  Iwtril.  RiRt**  IHIICI 

T*l.  !ii3l  Tilts  0?M07 

|lfl[dlilon  O  R34-ltl«  M«v  ItM  ] 
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eillCTIOHI  PO»  Ull 

OtiMtor  r«bt  0.t§/k  Hummi 


1.  0«Mtal  MMl  itfplllHw 

Aflolyili  el  PtwegeiM  (COCii)  I"  oir  end  Mmicel 

fleiei. 

tnilputlieni  (er  Mtitit  the  Oeleetor  Tebii  end  Oei 
Ddleddf  ere  centeined  In  Imtructlen  ■oolilei 
0  2Mle.. ' 

WiHi  referd  le  Nie  «M(ltiei  e«  Mm  OelKler  Tebni 
end  Ike  fortMlIen  el  fkeesene  fiwn  Imdreceiken 
hoildM,  itleaM  eec  lirfeniMtlen  Sheel  Ne.  IS  end 
Ne.  N. 

1  DwfipHea 
See  llhnlrelhw. 

Oeenlng  line  ^rellon  of  one  ihoke  of  Hw  peme 
ie  full  npeulon  of  Ike  ilroke  liniler  dnlnfi  ol  ieoii 
d  lecondi,  Mw  nexIoMn  keeiei  twia  Hmt. 

1.  Weewilei  loofe 
5  Hrekeei  eptroii  MS  —  tS  edi.n. 

I  tlretoi  up  to  opeiroi  TS  e.p.in. 

1  Hig.  Sheigene  per  cuWc  pteire  l  •>.  /■ 
-O.Bp.p.n.  I  ^  ' 

'  r  n.  Skeigepie  •  4  ng.>ai.  noire  I  *•" 

4.  teeUty  Ooio 

MAC  volue  (I  fieunli  1  p.p.n.  (MA  t«S^  or  0.1 
p.p.ei.  IQemien  Sederol  kepublle  ISSI}.  Sbr  ferUnr 
lenirlly  dole,  pfeew  pee  Infewollen  Sheer  Mo.  IS 
I.  SloieooUfle 
At  leoil  S  yeori. 


4.  lenerht 

Alter  0  negeltve  reodllen,  Ihe  Doleeler  Tube  may 
be  uMd  ogoin  on  Ihe  leme  day.  After  e  poilllve 
reocKon  heorevor.  it  cennol  he  end  ogoin.  Die- 
cotovrolinM  toil  only  lor  0  Ibniled  period  whihl 
Use  diKolovred  lenei  becone  lemewhol  ihorler  in 
length, 
f  tpMUMty 

The  Indicolion  ii  baled  on  (eupling  reeelion  of 
fhoigene  with  atomelic  omine-oldehydeii  (^lowro- 
lien;  blue-gieen.  Seodion  ipecifie  for  NuMgene. 
The  IndIcolion  of  fholpene  li  net  eltacled  by  ether 
goieii  pleoM  lee  Inlernwlion  Sheet  No.  II. 

0  ledeeeee  el  Tinpirebre  on  Ibe  Teel  teott 
The  printed  Kole  nppliet  tor  S  itrokei,  le  long  oi 
Ihe  temperolere  el  Ihe  Oelecinr  Tube  end  gw 
loniple  ore  between  S  and  S*  C. 
t.  Teel  ood  lioloeltoo  of  Ifte  101011 
Drew  Ihe  eh  to  be  tolled  tbroegh  Ihe  Tube  with  S 
•Irokei  el  Ihe  pump.  The  lengHi  cl  the  bhie-|feon 
diiceieered  teei  gieee  Ihe  cancenlrelien  el  fkot- 
gene  |p.p.in.).  CeloutoHoe  It  liniler  to  the  celowr 
el  Hut  ceeerieg  llhn  on  Iko  end  of  the  Tube. 
Telling  with  one  ilrohi:  Multiply  Ihe  reading  by 
S  -  r  fheigene,  Tehe  octovnl  'he  velMne 
el  iete  pipii.r,;  pi  Ihe  vohime  el  the  Air  lonple 
li  only  tCP  u. 

<0  Mioeorieg  iiutooliolleee  el  leee  dioo  1  p,p.n. 

Draw  the  oir  to  he  Meted  Ihreugh  Ihe  Detector  Tube 
until  inch  limci  ei  Ihe  dliceleurotlen  reocbei  lirti 
groduolien  r'*).  el  Ike  tome  time  cegntieg  the 
number  of  itrohit  rirndpd  |n|.  The  fheigene  cer.- 
eenlralion  In  p.p.m.  then  ii  S 

p.p.m.  -  -r- 


londT  fuied  tipi 

3  WrMeg  Mnlece 

4  fie'rieondng  ley 
(wbMe) 

5  Seelthre  loyei 


icelii  reeding  Kele 
In  pp.n.  uofld  ter 
S  itrehei  |e  >  ^ 

4  Arrow,  rboeld  point 


detlep  Pie  toil 

7  ceuering  Sin  (blue 


■eioi.  t  Iwab. 


tei.  sail 


IdfdWon  •tId.HSe 


Iger  UIICI 

Tein  tamw 

April  lOM  1 


fomoMthyd*  0,(X» 


Thtt  Formaldahydft 

Detector  Tube  0,002 

1.  G«fwr«) 

The  DrOger  Formaldehyde  Detector  Tube  0CC2  lervet  to 
ider  .ify  the  pretence  ond  determine  the  concentrotion  of 
formaldehyde  (H^CHO)  vapouri  in  Wdrk*roonit,  induitriol 
plont,  contoineri.  etc.,  during  industrlol  hygienic  control  of 
tuch  localitiet.  It  meriti  drawing  ipeeiel  ottentien  to  uiei 
in  ditinfection  work  and  in  ploitlcs'  monufocturing  and 
procetiing  plant. 

The  formaldehyde  Detector  Tube  0.002  ii  uted  in  com¬ 
bination  with  the  bellowi  pump  of  the  got  detector  unit. 
The  teehnieol  manipjlotion  of  the  gai  detectoi*  it  deteribed 
in  Booklet  G  23^^* 


The  reiiitonce  of  the  Formaldehyde  detector  tube  0.002  it 
to  eeleuleted,  thot  one  itroke  of  the  pump  (until  the  locking 
chain  ii  completely  tout)  tokei  ot  Itoit  3  itcondt  and  ot 
the  mott  twice  thot  time.  Thit  guiding  principle  permit! 
eoty  chedting  that  the  leit  it  being  properly  conducted, 
in  the  event  of  contideroble  divergence,  check  the  pump 
in  occordonce  with  the  Intiruction  Booklet  for  the  got 
detector  opporotut.  See  olto  Ihot  the  tipt  of  the  tube, 
after  being  broken  off,  ore  reoliy  open  and  Ihot  the 
detector  tube  it  properly  leoted  in  the  mouthpiece  of  the 
pump. 

3,  Meetvrinf  R».|e  of  Hi*  DrdfM  Fomaldehyile  detector 

tobeOOn 

The  mtoiuririg  range  of  the  DrOger  Formaldehyde  detector 
tube  0.002  is  to  adiuited  thot  toxicoilv  importont  concen* 
trationi  con  be  determined.  The  range  Met  roughly  between 
0.002  mg  and  0.05  mg  per  litre  of  air.  This  cerreipondt 
in  round  figures  to  2  ppm  —  40  ppm*}. 

TecU  Deto 

The  MAC  volue  for  formaldehyde  it  indicoied  oi  being 
c  concartration  of  5  ppm,  correiponding  trt  about  0.006  mg 
per  hire  of  oir. 

*]  I  me  fdrmaldthyda  per  titrr^  bi.*  >■  MO  ppm 

lOO  ppm  7  Bpproe.  O.li  mp  H*CHO  per  M»r«  af  air 


Distinguishing  the  Drtiger  detector  tubes  by  the  numbered 
index  gives  the  lower  meoiuring  limit  in  mg  per  I.  This  it 
bosed  on  the  voiume  uf  test  oir  called  for  in  this  instruction 
booklet. 

2.  OeecrlpiloN  of  the  Drflgor  Form- 
aldohydo  detoctor  twh«  0.002 

The  construction  of  the  detector  tube  it 
shown  by  the  adjacent  sketch. 

1  ond  2  -  "?IMng  ^/pe  tips 

3  B  reagent  ampoule 

4  m  breaking  point 

(double-dotted) 

5  «  shrunk-on  tube 

6  reoction  loyer 

7  m  measuring  icole 

6  «  mask  tsm 

Thu  Formaldehyde  detector  tube  0.002  should  be  intenied 
into  the  mouthpiece  of  the  pump  so  thot  the  orrow  prin  ed 
on  the  detector  tube  points  towards  the  punto- 
The  use  of  the  detector  tube  it  described  in  paro.  ?. 


1  lemorkt 

A  Drdger  Formaldehyde  detector  tube  0.002,  once  uted, 
connot  be  used  ogoin,  even  if  the  result  of  the  test  woi 
negative. 

The  colourotions  after  a  poiitive  test  los:  tor  a  fairly  long 
time.  The  tubes  con  serve  ot  evidence  ot  i  loter  date. 

The  DrOger  Formoldehyde  detector  tube  0.003  con  be 
stored  for  ot  least  2  years.  No  particulor  precautions  are 
required  when  storing. 

Every  original  wrapping  is  printed  with  the  dote  by  which 
the  detector  tube  concerned  mutt  be  used 

7,  ipeelidiy 

The  reoding  given  by  the  Ordger  Formaldehyde  detoctor 
tube  0.003  )»  bosed  on  m*.  condentotior  of  the  formoU 
dehyde  with  oromotic  hydrocorboni  in  the  preterwe  of 
sulphuric  ocid. 

The  reaction  it  practicolly  spec'Bc  ♦*«  -"nMshyde.  Even 
the  higher  homologt  of  forAKiid«nyd«  ■''^etic  oldeSyde, 
elr.)  ore  not  indicoted.  TKe  onhf  eKc.iption  to  thit  It 
ocrolein.  This  fcc*ciion,  however,  it  cor  .  Jnrobly  lets  sen¬ 
sitive  thon  the  lermc'dehvde  reocfton. 

From  ov.'iiloble  experV'  v,  inierferenc'  with  the  formni- 
dehyde  mdirotion  from  other  impurities  in  the  qir  it  isot 
to  be  expected. 
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I.  MmI  •!  Itw  aiiiUMil  on  tli*  iMl  ntiiil 

Th*  calibration  dula  (or  tho  Formoldahyda  dalactor  tub* 
0.002  ort  opplicabla  for  ombiont  Itmporaturoi  ranging 
from  0  to  40«  C  (32— 1(M°  F.).  Tho  loil  mult  if  tharifor* 
practically  unolfaclad  by  tha  tamparolura. 


9.  Tartlng  and  Aiiaiiing  Itia  Taal  latvbt 

Aflar  opaning  up  tha  and*  of  tba  datoctor  tuba  band  tha 
tuba  at  tha  doubla-dottad  ipot  ihown  In  tha  illuttroHon 
on  Foga  2,  to  that  lha  ompoula  locotad  inilda  tha  tuba 
braaki.  Tha  hoaa  ihrunk  on  to  tha  tuba  hold*  lha  two  port* 
of  tha  lottar  togathar.  Tho  ooporahn  b  now  raody  lor 
tha  tad.  Floea  tha  datactor  tuba 
on  tha  mouthpiaca  of  tha  pump 
mg/l  in  tha  normal  woy,  to  thot  tha 

_  arrow  poini*  tnwordi  tha  pump. 

- 0  Sudi  tha  olr  lo  ba  tattad  through 

a  *««•  (**•  ****••  by  lifting  tha  pump 

t  — Ih002  j  tlmat.  In  tha  pratonca  of  for- 
—IXOOB  moldahyda,  ona  will  laa  tha 
raoction  loyar  dtonga  colour 
_0.0B  Mdhb)  to  a  dagrao  axtand.'ng 
_  '  j  langlhwita  uccording  lo  tha 

I  amount  olformoldahydaprotanl. 

Onco  tha  S  ilrokai  hova  baan 
5Sr  tarminotad,  tha  latt  It  ovar.  For 


purpotat  of  a.'olualion-  raod  off  on  tho  maoiuramant  icola 
tho  langih  of  raogant  loyar  which  it  diicolourad  (laa 
illuilrotlon). 


After  the  tail,  lha  raoganl  loyar  it  diicolourad  at  tha  outial 
lo  tha  graotail  dagraa,  tha  ditcolourotion  bacoming 
gradually  loll  along  lha  length  of  lha  loyar. 

Th  -  -  jt'jc  of  ditcolourotion  to  ba  token  will  ba  at  tha 
point  v/hara  pola-rad  grain*  con  itill  ba  *aan  clinging 
togathar. 


Note  3 

If  tha  maoturlng  point  I*  difficult  of  occa**,  wa  recommend 
Ihol  lha  ailoniloo  hOM  provided  o*  on  oddltionol  Ham  for 
tha  go*  dalactor  opporotui  ba  uiad  with  a  tube  holdart 
compora  tha  daKripllon  of  tha  go*  datactor  (Foga  ?  cf 
corraiponding  booklaO.  A*  the  dalactor  tuba  will  ba  at 
lha  free  and  of  tha  hota,  tha  votuma  of  Intoka  hoia  naad 
not  ba  token  into  coniidamtion.  Tat'ing  and  evaluation  ura 
corried  out  atoclly  at  datcribad  in  tho  foregoing. 


DRKOERWERK  LUBECK 


HUNK.  K  KIRNH.  DRXOIR 


Tal.  2»31 


Talapr.  036807 


GERMANT 
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KITA6AWA 

Ammonia-Low  Rang#  DETECTOR  TUBES 
INSTRUCTIONS  AND  INFORMATION 

FUNCTION ; 

Ammonia  low  ranee  Detector  Tuhea  provitle  rapid  aeeuratt  metayrtmanta  of  air  eoncflittra- 
tiona  in  the  range  tO-400  PPM  fparli  per  million)  bjr  eolumt  .  Somplihf  and  meaaurmant  taka 
tear  than  Ava  minutet. 

PROPERTIES  AND  HAZARDS  OF  AMMONIA : 

Ammonia  (NHa)  ia  a  pungent*  irritating,  colorlaaa  gaa.  The  M.A.C.*  is  100  PPM,  wkkh 
la  rnuivalent  to  r>.010/»  by  «i^*‘jinc.  or  C.7D  mg/litar.  Ttia  odor  thradt^d  la  approairaatety  SO  PPM. 
Eaposurea  of  greater  than  200  PPM  are  likaljr  to  caaaa  irritatlofi  of  mucoua  membfanasaod  akin. 
Ammonia  forms  eaploaive  miatura  with  air  in  coAcantrttiooa  botwaan  1#  and  35%.  Tn  o-satnrr 
coAcanirations  betwaan  1.<R4  and  25%.  u»e  Kitagawa  No.  IQBA  Ammonia  (High  Range)  Dwttacuir 
Tubes. 

nEftCRlPTION  OF  DETECTOR  TUBES  t 

Each  tube  <onuina  a  carefully  meaaurtd  amount  uf  ftnt  grain  raadn  Impragnatad  wltb  a 
pink  colored  reactive  chemical  which  it  eanaltlve  to  unOMMlIa  gaa.  Whan  Mr  cr.;M»jnlfig  emwionii 
is  drawn  through  the  detactor  tuba,  the  res^'^  at  tka  Inlal  lama  a  yollowiah  we  com;.',  ^/ith  ihf 
total  length  of  the  diseoloretion  being  propoilionti  to  iba  air  eonctniretion. 


Inatructiona  for  Uaa: 


1.  Cut  off  tho  tlpa  (A)  and  IB)  of  a  Iraak  lobt  by  tunlag  antb  tuba  and  in  iba  Up  aotsor. 

2.  Inaart  tip  fA)  aacu-aty  Into  tba  pump  Inlot.  II  iho  bnndSa  la  not  in  all  tho  wny,  poiii  it 

in. 

3.  Ulna  up  tho  pump  haodia  with  tha  red  dota  on  iho  ond  ol  the  pomp.  PoB  dm  bandit  all 
the  way  out,  locking  It  with  a  Haff  itirp 

4.  Wait  3  minutes.  During  this  lime,  tha  air  kaing  aamplad  ffowa  ihrougk  tha  dolacior  tuba 
snd  consteni'flow  orifka  into  the  evacuated  puaap.  At  the  and  of  tha  aampUog  porlod, 
raleata  tha  handle  with  a  half  turn.  Tha  baodio  ahould  not  nwva  kagk  mom  ihon  lea. 
(about  1/4**).  Oeeulonaily  a  aowll '  partiela  keromas  lodgad  In  tho  eo<tftall^low  orlftea, 
reatrseting  tha  flow.  If  thia  happana,  tho  kondio  taiU  bo  drawn  kadt  inora  ikon  Bee.  whan 
relcoood  and  tha  meaturamant.  should  Iw  diaaardod  and  ropaatad  with  a  fraah  taka. 

5.  As  soon  M  tbe  aompit  U  drawn,  remove  the  tube  from  iko  pump  and  plaaa  It  vortkolly 
on  tbe  coneentroiM  chert.  Position  the  tube  with  tbe  stained  end  down  an  that  *ba 
boundary  betwaso  the  and  plug  and  tha  raaln  at  tba  Inlat  fpoint  O)  it  ovar  lina  iM> 
and  point  X  ia  over  lino  X-X.  Road  tha  Air  aonaoatraiinn  eorraapanding  to  the  langtb  of 
tba  aula  OC 

Tsmperaiura  CorreeiWaa  .* 

No  tampareture  corrections  am  necesssry  batwneri  80*F  snd  I0*P. 


interference : 

Amine  chemicals  produce  e  similar  discoloration  sod  may  Interfcra  with  aMumio  readings. 


*  Miaimuin  allowable  average  air  conerntrstion  for  dally  Ahour  ^r^**'*?  at  eiia..iiihed  by 
American  Conitrence  of  Govarnmental  Industrial  Hygianiata,  IBBff. 
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I 

TYmCAL  KITIOAWA  CALIBRATION  CHART 


A 


DlliCTIONI  roi  Ull 

5/a  Carbo;  iWaaoaMt  DtftcterToba 


1.  Owiif  I  rant*  af  a|>pllcallaa 
Daiamiininfl  lha  prataaea  of  carbon  OMnoxida  in 
hydrogan  (a.  a.  kj^regon  tnlaadad  lor  (ynlhmli). 

If  axoinining  CO  in  nia  air,  loiiow  lha  uinawhol 
dillarant  proeadwra  datcribao  in  Note  2. 
inilructtoni  lor  uitng  Hia  goi  doiodor  and  dateclar 
luba  ora  conloinad  Tn  intiruelien  leokiat  O  2341  a. 

t,  taMTlatiao 

Saa  iliuilrallo!i. 

Opaning  linte  (dvrolirn  of  ona  tiroka  of  Hia  pump 
lo  full  oxpontion  of  tha  ttreka  llmilar  choin)i 
with  hj^drogan  s  3  locondt,  maximum  d  aacondu 


wilh  I 


7  laeondk,  rnaximur.:  14  aaeonda. 


X  Maaiurfai.ioata 

S  p.p.m.  —  300  p.p.m.  (in  hydrogan  or  air), 


After  nagollva  roocliani,  lha  Tuba  con  ba  uiad  again 
up  lo  ten  liffioa  on  lha  tama  doyi  it  connel  bo  uMd 
again  after  a  poailiva  raodion. 

OucolauraHoa  laite  for  quite  a  long  lima,  but  Iho 
Tuba  muti  ba  protected  from  moiiluro  (paraffin;. 
Dalacler  Tuboi  con  larva  ai  avidanca. 

4.  SpacWellT 

Tha  indicolion  it  baled  on  o  colour  raodion  of  lha 
carbon  monoxide  with  a  mixiura  of  iodine  panloxida 
and  tulphuric  acid.  Tha  ipacllldly  li  amurad  by  lha 
pra-claoniing  layer,  whloi  foraign  gatai  dlicataur 
from  yallow-prown  iu  groan.  Tha  diicolourotlon  muil 


no!  extend  oi  for  oi  tha  reactive  toyar.  If  Ihii 
Kappani,  lha  leil  muil  ba  rapaalad  with  a  carbon 
pra-luba  oltoehmanl  llllud.  Tha  maoturemanl  tedini- 
Qua  remoini  unchanged. 

Soa  olio  Informolion  Sheet  No.  17. 

7.  SIfacta  of  Hia  amblaal  temporotera  on  Hw  mao* 

Tha  calibrated  (cola  insprinlad  on  tha  Doteclor  Tuba 
oppltai  10  long  ,ei  tha  Doteetor  Tuba  and  lha  got 
lompla  ora  wimin  tha  temperotura  range  of  0  and 
about  SOo  C. 

t.  Teat  and  avalaotlan  of  Hw  raauH 

Tha  goi  (hydrogen)  to  ba.  tettad  ii  drawn  Ihrough 
lha  Itetaclw  tuba  with  9  etrokoa  of  tha  ballowi.  If 
CO  ii  praiant,  lha  raecflVa  loyor  will  bacema  polo 
brown,  in  zonal,  Hia  dlKolouroHan  won  dwnglng 
lo  0  dirty  groan.  Tha  ccncanlrallen  of  CO  ii  road 
off  direcily  in  p.p.m.  from  tha  Icolo  on  the  tuba, 
according  lo  lha  length  of  lha  diKolourad  lona. 


Alter  lha  tail,  lha  roocliva  layer  ii  mora  Intenaaly 
diaeolourad  at  ila  boglnnlng  than  furlhir  on.  tha 
limit  for  avoluotion  purr>oaaa  ia  lhara  whore  groan 
graini  can  aHII  ba  aaan  to  ogglomarata.  If  Hw  CO 
reading  la  ioaa  than  10  p.p.m.,  II  ia  auggaated  Kiel 
the  Daiactor  Tuba  bo  hold  ogalnai  a  Irighf  bade- 
ground  and  rawvciuoted. 

NOMI 

II  the  5/a  CO  Dctedrr  Tuba  la  te  bo  Vlad  far  mao* 
luring  carbon  monoxido  in  lha  air,  Iban  Hw  air  to 
ba  tea>ad  mull  ba  drexm  Ihrough  lha  Dateclar  Tuba 
with  ID  ilrahaa  of  tha  ballowi.  Thg  aealo  bnarinted 
I  HnrTuba  ia  than  utio  volid  for  CO  in  air.  The  i 
Hva  lo:^ 


_  _  _  Thg  i_ 

uba  ii  than  utio  volid  for  CO  in  air. 


bacomar, 
mora  intonaa  brown  than 


though,  di 
I  El  dr^  In 


diieolovcad 


Hw 


1  ond  2  m  htmd  tipi 

3  !■  wrINng  ivrfec* 

4  m  pwt  loyvr 

9  B  noctiv  toytr 

4  B  ce¥»Hiig  fUm 
7  cirrow.Ovrii>9tN«tMlp 
ttiliiliovid  point 
fowordi  Hip 


^11  ^  I  I  ^11  TI^iM  I 

13  7  6  b  6  2 


Mar.  »  tmtt.  Mm  llfllCI 
Tol.  25131  Talapr.  mm 

3«4  fdllton  •  334-aSda  hMirih  inf  ' 
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IWIMiaiCMIll  l.c-s« 


BACHARACH 


CARBON  MONOXIDE  INDICATOR 


MODEL  CD! 


•  Net  affccM  bf  prtMiiu  •!  •Ih*r  gmi  hm- 
mally  •ii<MMl*ra4  In  lafaiy  ludlug,  tuth  a> 
Klfraw  «W*.  tvIHM"  rnttkaii*,  tic. 


U.S.  PATENT  NO.  2,5AI,NS 
URAOIAN  PATENT  NO.  4SI.A75 
UNITED  KINCOOH  PATENT  NO.  511,114 


Uitflb  •  -lolii  n'.tatvitmaal  h  ■cttrlc 
•mN  iltptiiNrNIt  .vor  wUt  iMf*  •!  HflHtaf 
('•OHiam. 

NtNUbM  M  tthtr  nMcbhtN  — VmW 

Iraiii1n|. 

IlolNltu  ilttl  wnli  hat  taNravtU  |ta<Ma 
Hmt  end  numtcjli  lee  Ntuteetel  walaN 
taw. 

Mtihani.'?>!y  tNtialid;  Not  at  tlulilial  dr* 
cull,  uM  bt  4iwa  :n  pnumta  ai  •aaMaUt 


t  Ntndi  dirtcliy  la  roebta  mtnaaidt  aarctnl- 
aga—li  IndaiMtidtnl  tl  afafalat't  calat  gar- 
caplitantM. 


gawi. 

•  tuilaUa  lai  carhan  laaaaalda  MtHaf  ha- 
•waan  — 70*F  ead  -fltl'r, 


The  MONOXOR  Oarbon  Monoxide  Indicator  is  based  on  a  method  developed  to 
meet  requirements  of  carbon  monoxide  testing  in  aircraft,  where  reliability,  accuracy 
and  facility  over  wide  ranges  of  lemperaiure,  humidity  and  other  Conditions  are 
of  critical  importance. 

This  method  establishes  percent  carbon  monoxide  by  measuring  the  length  of  stain 
developed  in  the  Indicator  Tube.  It  permits  accurate  reading  over  a  wide  range  of 
lighting  cundiiions  and  reliable  measurement  of  carbon  monoxide  concentration  at 
ambient  temperatures  between  — TII’F  and  .}-l25°K  Color  comparison  is  eliminated; 
the  visual  color  response  of  the  operator  cannot  affect  the  results.  Mechanically 
operated,  the  MONDXOK  has  no  electrical  circuit,  and  therefore,  can  be  used  in 
the  presence  of  llainmable  gases. 

A  test  is  made  by  depressing,  then  releasing  the  push  button  on  the  precision-built 
Indicator  bampier,  thus  drawing  a  controlled  sample  of  air  through  the  Indi¬ 

cator  lube.  The  .sealed  ends  of  the  glass  tube  are  broken  open  just  prior  to  use.  The 
tube  contains  a  yellow-colored  chemical  which  reacts  with  carbon  monoxide,  together 
with  a  while  guard  gel  for  removing  smoke,  fumes  and  gu..'  other  than  carbon 
monoxide. 

Presence  of  carbon  monoxide  is  shown  by  the  development  of  a  brownish  stain 
on  the  yellow-colored  gel.  Stain  length  is  proportional  to  the  concenirar  :or  of  carbon 
monoxide.  Parts  per  million  and  percent  carbon  monoxide  by  vuiunte  it,  samplr- 
tested  are  read  directly  from  the  scale. 

The  MONOXOR'S  double-sided  scale  has  four  ranges — each  depenn  sg  on  the 
number  of  Indicator  Sampler  strokes.  Increasing  the  number  of  $trcke.s  '•'■•.teases  the 
sensitivity  of  the  instrument.  Carbon  monoxide  concentratior.  from  i  to  .000  pans 
per  million  can  be  measured  with  this  multi-st;  .tkc  and  mu..ci-scale  arrangitmen:. 


BACHARACH  INDUSTRIAL  INSTRUMENT  CO. 

1909  Alalicri  of  roffi.ig  fnsfrumo/ifi  ond  offior  Pr«<iiioA  Dtrictf 

300  N.  UADOOCK  AVI.  •  PinSMiRGH  t,  AA. 

Telagbana:  CHuichill  1-5400 


fjC'  Sothoftfch  Indutfiial  Ins^rumorit  Co. 
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OPERATING  INSTRUCTIONS 

MONOXOR  CARBON  MONOXIDE  INDICATOR-MODEL  CDE 


2 


Slide  rietei  Tip  Breaker  on  the  Ht- 
tom  ct  the  Indicator  Sampler  back 
to  open  the  tube  breaker  hole. 


Insert  Indicator  Tube  tip  in  exposed 
hole  and  break  off  tips  to  open  both 
ends  of  tube.  Push  slide  forward  to 
close  tip  breaker  Hole. 


Depress  Push  Button  to  bottom  of 
travel  and  hold  down  for  several  sec¬ 
onds.  Rtlease  Push  Button  quickly. 
Allow  Push  Button  to  return  to  its 
original  position.  This  will  be  shown 
by  appearance  of  red  line  on  Push 
Button. 
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When  red  line  on  Push  Button  is 
visible  wait  15  seconds  before  exam¬ 
ining  the  IndicatorTube  for  brownish 
stain  in  yellow-colored  gel.  if  stain 
appears,  carbon  monoxide  is  present 
in  test  area. 

Move  Scale  until  unstained  yellow- 
colored  gel  appears  on  one  side  of 
Scale’s  zero  bar  and  stained  gel  ap¬ 
pears  on  other  side. 


7  Read  Scale  at  lunction  of  stained  gel 
and  white  guard  gel. 

H  M  stiie  ii  yisible  after  aa:  poa^ 
straka  repeat  steps  S  thraagh  7  far 
a  talal  at  2.  3  er  7  paap  itrakai, 
far  greater  saasitivity.  Wbea  BeUag 
additiaBal  panp  itrekas  be  sura  ta 
ate  cerrect  scale  far  ■eatarlig 
leagth  at  ttaiaai  gal. 


- 


fWAINTENANCE  INSTRUCTIONS 


iitpict  Micator  Sampltr  far  laakagt  by  inurt- 

ini  sealed  Indicator  Tube  in  Tube  Connector  and 
depressing  Push  Button  as  far  as  it  will  go. 
Hold  for  several  seconds  and  release  quickly. 
It  should  take  10  minutes  or  longer  for  Push 
Button  to  return  to  original  position  (red  line 
visible)  If  time  is  less  than  10  minute*  return 
Indicator  Sampler  to  factory  for  repair. 


DEPRESS  PUSH  BUHON; 
HOLD  DOWN  SEVERAL 
SECONDS, 

THEN  RELEASE 


(D 


WHEN 

CHECKING 

TIME 

OMIT 

INDICATOR 

TUBE 


RED  UNE 
ON 

PUSH  BUTTON 
SHOULD 
BE  VISIBLE 
IN 

20  TO  25 
SECONDS 


laspact  Micater  Sampler  far  correct  saMpliaf 

that  without  Indicator  Tube.  Depress  Push  But¬ 
ton  as  far  as  it  will  go.  Hold  down  for  scvaral 
seconds  and  release  quickly.  Push  Button  should 
return  to  original  position  in  20  to  25  seconds. 
If  sampling  time  is  outside  the  limits  adjust 
the  Inuicalor  Sampler  as  shown. 
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KNUILED  TUBE 
CONNECTOP 


CLEANING  SPIBAL 
CMOOVE 


A^wsting  Sampiiiig  Tiim 

If  sampling  tima  is  outside  limits  remove 
knurled  Tube  Connector.  For  sempling  time  less 
then  20  seconds  use  Allen  wrench  provided  with 
MONOXOR  to  tighten  Oriliee  Screw  visible  in 
Body  cavity.  If  sampling  time  is  more  than  25 
seconds  remove  Oritice  Screw  and  Orifice  As¬ 
sembly.  Clean  spiral  orifice  groove  with  tooth¬ 
pick.  Assemble  as  shown  above  with  Felt 
Washer  and  adjust  Orifice  Screw  for  20  to  25 
second  umpling  time. 


Ts  rtmavi  glass  frapMats  fram  Mtcator  Sam- 

piBf  My  unfold  Scale  Frame  from  Body.  Re¬ 
move  Slide  Screw  from  center  of  Slide  and  lift 
off  Slide.  Discard  glass  fragments  from  Sampler 
..nd  assemble  Slide  to  Body  with  Slide  Screw 


PARTS  LIST 


MONOXOe  CARION  MONOXIDE  INDICATOR 


rirt 

Tubi  Cip<  (Ptckaft  o(  6) . 

Cbrryifli  Ctu  (not  illufttrntMj} . . . 

MONOXOR  Sampltr  CDE  (includes  Scue  19-0014). 
CO  Indicstlnf  Tubes  00-339  (Carton  of  12) . 


19-0001 
)  9-4005 
19-5007 
19-5010 


SAMSUNG  ASSEMilY  CEE-UST  NO.  19>5011 


Rubber  Tuoin*  (4*  lenftii) .  i  11-0027 

Outlet  Valve  .  1  11-002* 

Aapirator  bul^  . 1  11-002* 

Inlet  Valve  .  1  11-0030 

Rubber  Tubin*  (3' lanttb) .  1  11-0031 

Samplinf  Tube  .  1  11-0035 

Filter  Tube  Assembly  .  1  11-003* 

Orifice  .  1  1*4)01* 

(laiMet  .  1  1*4)017 


WARRANTY 

We  tvArRMee  every  MONOXOR  INDI*  ftecory,  ciaasporiatio^  prCD»t«i. 

CATOR  sampler  to  boirce  from  defecu  Thii  warriat..  -  hom'ever,  ilop*  not  a^ply  cc 

io  macerial  or  workmaiMbip  for  a  perkxi  Uamafe  due  te  misuit  or  carcleM  haAdlinR. 

of  one  year.  If  the  iastrumeec  develo|»  Furthermore,  arc  do  oo<  fiftiimr  liability 
such  defects  wiihio  ooe  year  from  date  of  for  iadirect  or  uMisequeocial  or 

shipfoem  from  our  plaWe  it  will  be  re-  lou  of  aay  oacure  in  coaacction  with 

paired  or  replaced  if  it  is  ret^traed  cr'  our  equipoicat  sold  by  ui. 
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KITAGAWA 

CARBON  DIOXIDE-LOW  RANGE 
DETECTOR  TUBES 

INSTRUCTIONS  AND  INFORMATION 

FUNCTION! 

C^rbpn  Dioxidi,  low  rtngc  D*tcctor  'tub**  providt  rapid  uccurtu  in«uurcinentf  of  tir 
conceAtratkNU  in  4b«  rang*  SOth-T.OOO  PPM  {p«fts  pFr  mUlion)  votum*.  Stmpliag  and  meaturo* 
ment  taka  ItM  than  t{x  mlnatea. 

PROPERTIES  AND  HA2ARDS  OP  CARBON  DIOXIDE: 

Carbon  DioiUdc  (COJ  ta  a  celorlatt  odorICM  gu.  U  U  a  natural  conatituant  of  atmoipherc 
ii'w  aiul  i«  usually  preram  in  eoncentraticpa  of  the  order  of  300  PPM  by  eoloma,  which  it  equivtlent 
to  0.03094  by  volume.  The  M  A.  C.*  It  5,000  PPM  or  0.5094.  Expoturtt  of  2S,000  PPM  or  2.5  V« 
ior  several  houre  will  probably  not  produce  approclabU  tymplomt  Coacentritiont  of  cause 
ii.iticeable  ahortiraaa  of  brtath.  4%  CO»  eauaaa  irritation  of  moeoue  membranaa,  headache,  incraaaed 
M.v'id  pretaure,  dissinet*  and  vomldiig.  At  094  braathing  becoaaea  difficult  and  IQH  CO:  cauaet 
li>;s  of  eooaetouaoeas.  To  mcature  Carbon  Dloaida  cencentratkma  In  tha  range  of  O.IO— 3.69a  by 
volume  uaa  Kitagawa  No.l26A  Carbon  Diosida  (high  ranga)  Detector  Tube.  DESCRIPTION  OF 
DETECTOR  TUBES: 

Each  tube  eontaint  a  earefully  meaaorad  anurant  of  &Ae  grain  acUvatad  Hmina  Impregnated 
-A'iih  a  bluiah  purple  reactive  ebamletl  which  U  aenaltlva  to  Carbon  Di-^Mde.  ^’Kcr  '  cni'f^lntng 
Carbon  Dioxide  ia  dr^wn  through  tha  detector  tkb%  the  activated  almina  at  the  inU.  tum»  h  pink 
«ith  the  rci^t  length  of  tha  atain  being  proportional  to  the  air  coneentrstion 


Instructions  for  Use: 
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TIP  CUTTER 
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1.  Cut  off  the  tips  (A)  end  fB)  of  a  freeh  tube  by  turning  aaeh  tuba  end  in  the  tip  cutter. 

2.  Insert  tip  (A)  securely  into  the  pump  inlet.  If  the  handle  is  not  in  all  the  way,  push  it  in, 

3.  Line  up  the  pump  handle  with  the  red  dots  on  the  end  of  the  pump.  Pull  the  handle  all 
the  way  out  locking  it  with  a  half  turn. 

1.  Wail  &  minutes.  During  this  time,  the  air  being  sampled  Bows  through  the  detector  tube 
and  conttant.Bow  orifice  into  the  evacuated  pump.  At  the  end  of  the  sampling  period, 
release  the  handle  with  a  half  turn.  The  handle  should  not  move  back  than  See. 

(ahouti|**).  Occasionally  a  sma.!  particie  becomes  lodged  in  the  constant  flow  orifice,  restricting 
the  flow.  U  this  happens,  the  handle  will  be  drawn  back  more  than  See.  wh'.'n  released 
and  the  measurement  should  be  discarded  and  repeated  with  a  freak  tube. 

5.  Ai  soon  aa  the  sample  is  drawn,  remove  Uw  tub*  from  tba  pump  and  place  it  verticnlly 
wu  the  coocentratloB  chart.  Foshion  the  tube  whb  the  atained  end  down  to  that  the 
iM)undary  between  the  end  plug  and  the  activated  almina  at  ih*  inlet  (point  O)  it  ovc. 
line  O.U  and  point  X  la  over  line  X*X.  Read  the  air  eoneentration  corresponding  io  the 
Ivn^'tk  of  tha  stain  0>C. 

Teinperature  Corrections: 

N )  umperature  corrections  arc  neceasary  between  32*P  and  120*F. 

Interferences : 

(khcr  acid  gaaas  can  ('‘terfera  iwitb  accurate  ineasuremenis  bu'  nnly  at  air  concantratUsiia 
many  times  tkair  reapectlve  M.  A.  C  a.  For  practical  ptirpoves,  there  ar*  no  inlerferiog  garav. 

*  Maiumua  allowable  average  air  coaceniraiion  for  daily  Ahour  eipoaurti  aa  eitabUahcd  b>  the 
American  Confaitncc  of  Goveinmental  Industrial  Hygienists,  1969. 
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